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PREFACE. 


Tux details of engineering practice are becoming daily more and more 
diversified, and although many branches of the profession are almost wholly 
pursued by specialists, the Engineer has constantly to enlarge his sphere of 
knowledge to keep pace with the requirements of the age. 


At the present time, science and its applications seem to go onward almost 
together. No sooner is a new fact announced than it is made available for some 
useful purpose; and never was there an age so fertile in discoveries as that in 
which we live. They may be thought to be of a minor kind; and we cannot 
perhaps hope that any discovery yet remains to be made of such importance 
and vital interest, as to work out a revolution in our industrial relations 
equivalent to that effected by the steam engine. We must expect rather to 
go on eking out and completing the fabric of our knowledge by the acquisition 
of absent details, and by arranging and harmonizing its parts, strengthening 
evidence and cancelling error, thus rendering the elements more and more 
intelligible, serviceable, and of readier access to the practical man. 


To aid in some measure the Engineer’s professional labours, was the object of 
Spons’ ‘Dictionary of Engineering, and the success which has attended ita 
publication has been a gratifying proof of its appreciation by those for whose use 
it was intended. 


As the book has now been some years before the public without addition or 
revision, there are many subjects of importance which, of necessity, are either 
not included in its pages, or have been treated less fully than their present 
importance demands. With the object, therefore, of remedying these omissions, 
this Supplement has been prepared. Each subject has been treated in 8 com- 
prehensive way, but of course without repeating the information already included 
in the body of the work. 


Such articles as those upon Air Compressors; Belting; Blasting; Brakes ; 
Bridges; Chimneys; Electrical Engineering; Explosives; Gearing; Iron; 
Lights, Buoys, and Beacons; Machine Tools; Mining Machinery; Railway 
Rolling Stock; Rock Drills; Sanitary Engineering; Shafting, and the like, 
are treatises that may be sought for in vain in the technical text-books. 


It is a pleasing task to render thanks to those whose labours have so 
materially aided in the compilation of this Supplement. Their names are all 
duly recorded on the following page. 

ERNEST SPON. 


12], Brsnorscate Street Wir, 
London, May 1st, 1881. 
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Final length... a 
Set per cent. of maximum compression sie 
Length after 3 mm. extension Nee see 
Mean compression a kilogramme 
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Peed Bee aiimetres..| @ Kalo.” 
Absolute. Per Cent. 
I iI Mil. IV. V. 
1°5 1°53 1°02 + °05 5-2 
4°35 4°38 0°97 00 0°0 
9:0 8-60 0:96 ~ ‘dl 1:0 
13°5 12°90 0°96 ~-— ‘Ql | 1°0 
18°0 17°11 0:95 | ~-02 ; 2-0 


TaBLE V.—Spnrine C,. 
Original length 








Difference from Finul. 


ere tonne ne 


Absolute. Per Cent. 











vi. | soVIL 
+07 | 7:4 
+°02 5 21 | 
+°Ol © Tl | 
+01 os 

“00 00 | 


46:25 mm. 








Final length 46°19, 
Set per ce "at. of maximum compression 0-45 
Length after 3 mm. extension 46°22 mm. 
Mean compression a kilogramme .. O-s5 ,, 
| en 2 
15 | 149 | 0-99 +14 ' 176 | 4°92 | 28°6 
4°5 3-91 | O87 .| +02 24 + +°10 © 13-0 
9-0 733 '  Orsk 5 OFC" 4°7 Of Be? 
1; 13°5 10-620) OT —"U6 7:0 +°02 jg26 ! 
| 17°5 18-4300; | O°77 —*08 U4 “00 0-0 


TaspLE VI.—Spnrine C,. 
Original length 
Final length : 
Set per cent. of maximum compression. 
Length after 4 mm. extension : 
Meuu compression a kilogramme .. 


43°42 mm. 


43°36 ,, 
0°42 

$3°39 mm. 
1-64 ,, 





TaBLE VI1L—Sprina oe 
Original length ; ah 
Final length ed 
Set per cent. of maximum compression 7o oe 
Length after 2 mm. extension dare 
Mean compression a kilogramme ..  ..  .. +s 











| ; | Vv. 
mans ams ae ‘ 
15 | o-s7 | O58 | +°05 | 9-4 
4°5 2°57 | 0°57 | +04 | 76 
9°0 | 4°97 0°55 +'O2 | 3°8 
13°5 | 7°14 0°53 “00 0-0 
18°0 9°35 0°52 —-0l 1:9 
22°5 ; 11°49 0°51 —-°02 3°8 
27-0 13°68 0°51 ~°02 3:8 
81°5 | 16°04 0°51 — -02 | 3:8 
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37°13 ,, 
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37°23 mm. 
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Taiz VIII.—Srrine D,. 


Original length oe ee ee ae we Ce Ce BB SH MM. 


Final length .. .. 04. 6. oe elle CBB BAC, 
Set per cent. of maximum compression -  « 0°06 


Length after 4mm. extension .. .. .. « 88°89 mm. 
Mean compression a kilogramme .. .. .. .. 21°50 ,, 


Load Kilos : Compression Compression | Difference from Mean. Difference from Final. 
ilos. Pea 


«+ me ee ee te ge 



























































; Millimetres, a Kilo. Se eee te. 
| Absolute. Per Ceut. Absolute. Per Cent. 
| ne Ce IL IV. | VY. VI. VII. 
' | nemenenateennel —_————— aan OEE ome enti 
| 0°75 | 0:99 1°32 —'18 | 12°0 —°25 15°9 
| 3-00 | 4-49 1°50 -00 0-0 —-07 45 
/ 6:00 | O31, 1°56 + 06 | 4-0 —‘01 0-6 
; 9°00, 1415 1°57 | +°'O7 | 4°6 00 0°0 
TanLte TX.—Sprinc E. 
Original length Se Me ON. ee ae, BOD vos 
Minak longi, cae: vies caw. Sh. aa Gwe ap. ee “EOE 
Set per cent. of maximum compression Me ax, . 
Length after 3 mm. extension << we eae oo 42°82 nm; 
Mean compression a kilogramme.. .... 2.) 0°98, 
| I | Ml | HI. We. 8. Ww} WR POUL 
1°5 1:53 | 1020 - 4°04 ° 451 | 4°06 |) 6B 
4°5 i 49540 | Q:98 “00 0-0 +°02 : 21 
90 | 874 | O97 » —-O1 10 0, 4°01 1 150 
13-5 13°20 |; O98 ' +00 , OO | +°02 ' 27 
18-0 | «17-81 | 096 | =—02 | 20 | — -00 00 


In Tables If. to EX. the final length is the distance between the marks after all the weights have 
been removed, and the difference between that and the original length, is the set which the spring 
took in the operation. Column I, of the Table gives the total load in kilogrammes, ineluding the pin 
and scale, put on the spriug, and Column IL. gives tl:e compression caused by that load. Column 
Ifl. is the compression a kilogramme. The mean compression a kilogramme stated above each 
table is obtained by plotting the figures of Columns I. and JIL, greatly exaggerating the com- 
pressions, aud measuring the area thus obtuined with a planimeter. In Berndt’s Tables the 
arithmetical mean of Column III. is taken as u sufficiently near approximation. In the majority of 
oases the two first places of decimals agree; in none is the difference considerable. 

Column IV. gives the difference between tle compression e kilo. at each load and the mean 
eompression a kilo. for all the loads obtained as above, and Column V. gives the value of this 
difference as a percentage of the mean compression a kilo. Column VI. gives similarly the differ- 
ence between the compression a kilo. at each load and that at the maximum load, Coluunn VIL 
giving this difference as a percentage of the compression a kilo. at the maximum load, 

None of the springa returned completely to their original condition after removal of the Iuad. 
In oue case, D,, the ect was as little as 0°06 per cent. of the maximum compression of the spring; 
in onc, BE. as much as 2°2 per cent. of the same quantity. In the mean, however, it is only 0°64 per 
cent. The nian absolute valuc of the set is about a tenth of a millimetre, and its effect on an 
indicator card, allowing for the increased stroke as in Table I, would be very nearly pth of an 
inch, With the well-uscd spring E the set would appoar on the scale of the diagram us about 
zpth of an inch. 7 

The conclusions as to the clasticity of the springs which can be drawn from their behaviour 
under gradually increasing loads are, however, much more important than these. In no case docs 
the resistance of the spring to equal increments of pressure remain even approximately constant 
throughout its range. In every instance except one, the spring D,, as will be seen by an 
examination of Column TIL, the resistance to compression is, as might be supposed, less at small 
than at large pressures. ‘The mean resistance is equal to the actual resistance at a point which 
vari-s from a fourth to a third of the maximuin pressuro, so that the compression is nore uniform 
at higher than at lower pressures. Tho eight springs tested, the average condition of which 
seems certuinly to have been better than the conilition of the springs which wo commonly use in 
practice, show the following results ;— 


INDICATOR. 771 


TABLE X.—AVERAGES. 


Per cent. 
Average varintion of compression a kilo. at »,th of maximum pressure from mean 
Conipressionw KilOssc6 53. ee eka oe te Se a, ee ea cee SE 
Average variation of compression a kilo. at 34th of maximum pressure from mean 
compression a kilo., about 2.006. weet ee wee ne we dG 
Average variation of compression a kilo. at maximum pressure from mean com- 
pression a kilo. Gay cde, “BSS OPA Ss De 1. Ul eee ee eet ee cee | ee Se Sea ERD 
Averuge variation of compression a kilo. at ~,th of maximum pressure from com- 
pression a kilo at maximum pressure a a ee ee a eee eS | 
Average variation of compression a kilo. at 4th of maximum pressure from com- 
pression a kilo. at maximum pressure, about .. 0... 0 6. we ee eee we BD 
Average variation of compression a kilo. at 4 of maximum pressure from com- 
pression a kilo. at maximum pressure, about... a ee a rn 


If therefore, the indications of these spring3 were read on a scale corresponding to their mean 
compression a kilo., there would be a probable error of over 4 per cent. at full pressures, and of 
nearly 8 per cent. at very low pressures, and gates experiment would be required to show whether 
the error was -+ or —, as is shown by the behaviour of the spring D,, Tablo VIII. If a scale 
were uscd, on the other hand, corresponding to the final compression a kilo., rather than to 
the mean, the probable error at full pressures would be very small, the mean crror at half- 

ressure being only 2°8 per cent., and diminishing rapidly from that point to the maximum. At 
ow pressures the error of such a scale would be much greater than that of the other, as Table X. 
shows. 

It must be borne in mind that the orrors so far considered, are of quantities which correspond only 
to the ordinates and not to the areas of indicator cards. If wo suppusc, for example, that we could 
obtain an indicator diagram with ordinates corresponding to the measured compressions of C,, 
Table VI., then if there were no expansion, and the back pressure line coincided with that of the 
atmosphere, so that the diagram was simply a rectangle, the error of area would be exactly the 
sume as the error of height, or 4°9 per cent. if mcasured with the mean compression seale, and 
0-0 per cent. if measured with the final compression scale. But if there were expansion, so that 
the upper line of the card varied in height, each pressure would have its own error, and the area of 
the wi.ole figure would have an crror somewhere between that of the greatest and that of the least 
ordinate, It iy quite conccvivuble that the pressure might fall far enough, and the shape of tho 
diagrim be such, that the errors of excess in one part of the card exuctly balunced those of defect 
in the other, ‘The mean pressure and the horse-power dcduced from such a card might, therefore, 
be exactly right if measured by ® mean compression scale, while the actual measured pressures 
might be very far wiong at all points of the stroke except onc. 

In the sccond series of experiments undertaken by Berndt, the springs were heated by a jet of 
steam of a little over atmospheric pressure until a thermometer placed in the spring indicated 90° C., 
194° EF. In other respects they were the same as the experiments already described, with the 
addition of springs F and G. 

Tho results are summarized in Table XL The length of the spring is first recorded, both cold 
and hot. These lengths do not in all cases correspond with the lengths given in the former Tables, 
as it was found necessary to re-mark some of the springs. The third linc of Takle XI. gives the 
length under the maximum load, the maximum compression being the difference between the 
mean loads applied. The fourth and fifth lines of the same Table record the effect on some of 
the springs, of removing and reapplying the maximum load two or three times, and also of sctting 
the spring gently in vibration, while the maximum load was resting on it. ‘The sixth and seventh 
lines show the final length of the spring, still kept hot, when the weights were removed, after it 
had been a little stretched by hand in the way formerly mentioned. ‘The eighth line shows, lastly, 
the observed lengths of the springs after they had become cold. 

Looking even at the springs least used, and otherwise in the best condition—as B, for instance— 
the sct is quite appreciable. In the case of C, and D, the maximum load was removed and reapplied, 
without shock, two or three times, and in both instances the compression was very notably increased 
thereby. Tho springs C,,C,, D,, and E were set in vibration very carefully, when under their maxi- 
mum load, and always, it will be seen, with the same result, the increased compression being very 
marked in every case. With some of the springs the same operation was also carried on at smaller 
loads, and always with a perceptible increase of compression, the alteration being naturally, how- 
ever, less marked with the smaller pressures. 

Tho first part of Toble XIL. will enable a comparison to be made between the compression of the 
springs cold and hot. The mcan compression a kilogramme is distinctly, but not very greatly, 
different in the two cascs, the hot springs having sometimes a greater and sometimes a less mean 
compression. The behaviour of the heated springs under lond was exceedingly irregular. The 
greatcst compression a kiloygramme was at the least load in A,, A,, B,, C,, and C,, and at or near the 
greatest load in D,, D,, and E, while in most of the springs the changes in compression at medium 
loads seemed to follow no luw whatever. 

The results of Berndt’s experiments, up to this point, cannot be applied directly to the springs 
when working in the indicator cylinders. ‘Their value lies in giving some idea of how far such springs 
as have been ordinarily used in practice, aro really in themselves elastic, and how far their clasticity 
ia impaired by use. 

$3na2 
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TaBLeE XI. 
| Springs. 
Lengths given in Millimetres. 
Ay. Ag. D, | Dae 








1. Original length, cold .. 2... 45° 31/47: 24'46°8746°2543 39'37°20 88: 88'41-15 
2. hot |45: 3U/47°29 46-87 46°30 43°4137-20 38°93,41-26.49-74.47-% 


en 


8 


3. Length under maximum load, 


o =|82° 


37 





4, Length ‘after several ” removals)| 
and reapplications of maximum 
load, hot 


5. Leneth after being several sal 


32°0128°26; . 

| 
| 
45°91] 43° 38 
16°7445° 93 


a ee 


The experiments show the compression of the springs with certain loads placed direetly upon 
them, and the relation between the compressions and the loads. We know the diameter of the 
indicator cylinder in each case, and the ratio in which the compression of the spring is increased by 
the parullel motion ; these were all carefully measured, and the results have already been given in 
Table I. We are, therefore, able to calenlate the seule of the diagram for cach spring in its own 
indicator, neglec ting piston friction, leakage, and the like. The question arises, how dous this seale 
agree with the seales provided by the makers for the spring, and therefore, anive srsully used with it ? 
For the sake of more easy colaparison, we have redueed all the scales to pouuds per ineh, like those 
we are in the habit of using. Under the double line in Table ATL these seales are given both for 
the mean and the final compressions of the springs, and for both cold and hot experanc nits. Bene ‘ath 
these is given the scale supplied by the makers for cach spring, and at the bottom of the Table the 
perce ntage of difference between the actual seales for the free springs and the seale commonly used 
forthe same springs in the indicator, As an illustration of the meaning of the figures. If we took 
spring C, col, and put its maximum load, 9 kilogrammes, upon if, we should tind it te be eom- 
presse 14°01 mm., or 1°53 mm. a kilogramime. ‘Caloulating from the dimensions of indieator C, 
given in Table VI, we find that this corresponds toa diagram seale of 19-6 [b. an ineh, that is that 
the pencil would move through | in. for every 19°6 Tb, pressure u syuare ineh in the cylinder. : 


.24°13,23°56: 


ae 
we 


set in vibration under maximum 
load, hot... 
6, Final length after a ‘few milli- ) 15 
1 
gel 


ee 


‘28 


ee 
oe ee 
' | 


a aan 2447-17 


16°79 36°32) 


metres extension, hot 

7. Final length after such extension 
repeated. twenty times, hot 

8. Finallength, cold .. 


nave, > ee 





88° 77-41° 01 
sors 35. 
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20°24) ., am F 
| 
| 
| 
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Tante XII. 
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- Rete dN Ry teen A Te es 


Compressions given im Millimetres, 
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| Aj. Av. } | C). Cy. | Ty. | Dy. | Oe i. | Gd. 
Mcan compression a kilogramme, springs cold - 0°89 1:79 0°97. 0-85) G4 0°53 1°50 “0-08 as sae 
; 9 ” ” hot ; 0°90. 1‘7s, 1:00 O84, 1:67 Ovol Pay OOS — oe 
Difference per cent. of furmer.. .. .. -tthel eo [+.3°0 ae ee Pee +6°0 ° 0-0 | = | we 
Final compression a kilogramme, springs cold | 0°84! 1-73) 0°95 0°77, 1°56 OSL 1°57 0-96 — | — 
, ” ” hot , 0°85 1°75) 0:99 0°78 166 0°54 1°60 O96 1 Oo Jo] 
Difference per cent. of former... .. 0 « +12 Ps tal +153 +654 '45°9 si 19 OO) me fp oe 
Scale for eee eieear compression cold .. BOP) 194° 29° ] 6-0 18-6 68° 9 ‘Oy bn oot | ae me 
cards, pounds an! ,, ss hot... | 38°6 ° 19°55) 28.21 86°4' 18-3) 71-6 opey BAC neater Ol acasy 
ave aaa ad 2 cold... | 4be# ) 20°0 , 20°7 39°75 196 TL b 7 —23°2 36°2 | ee 
ing to ” ” hot .. 40°9 | 19°8 28°5 | 39-2 | 18°4 | 67°6 | ' oy. 8 36°2 lvo-7 23°7 
sip a | ae a 
Scale supplied with spring, lb. an inch is | 44°26, 22: at 30°0 | 45°1 | 20°7 | - | 99° on -28'04°0 24-9 
| | | i ! 
Difference between) q. : ; | 
eatial oiale and Mean compression cold.. | 13°2 , 14°1 3°] | 25°3 , 11:3]. |_8°9 oo So Sn 
lied. j ” ‘s hot 1 1e6 | 13-5 | Ge ear ~ 25° 
scale supplied, in) : besa. ve 0°73 25°0 | —— | we 
per cent. of the inalcompréssion cold.. | 6°9 1 10°61 1:0 | 36 | SH]. led 7 BY | 
former: ” ” hot .. | 8°2 | 11°8 | 5°2 | 15°] | 12° 3 | = —0°3 ee 5°7 : @Q 
‘ : j 
—_—?_ $$ See 


The apparatus used in the experiments upon the sprin 

gs in their indicators 1 ‘ 
1505 and 1506. The boiler was below ground, ao that the pipe from it tu the an tet hn 
always upwards. ‘This pipe is seen at the right of Fig. 1505. It communicates through a ion 
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valve g, with a couple of cast-iron tubes a a of 40 mm. internal diameter, bolted together and sup- 

orted horizontally on trestles. On these tubes are a number of branches, one of which is shown 
in section on a larger seule in Fig. 1506. Those marked } 6, which are about 16 in. apart, were 
used for the Richards indicators, the indicator cock being screwed into the hole in the cap shown 
in Fig. 1506. The branch c is fur the connection to the morcury gauge, and the branches d d were 


) 1505. 
/ 7 } 


a rheren 





]) \\\\\ 


used with the Ashton-Storey indicators. Longitudinal flanges f f east upon the tubes a a served 
for the attachment of boards, Fiz. 1506, in a convenient position fur placing note-b.oks upon. The 
branch e and the cock e! served to clear the tube of water if necessury. The syphon mercury gauge 
was used for determining the steam pressure, 

The experiments were conducted by three observers, one at the indicator and two reading the 
mereury gauve. On communication being made with the boiler, the cock ¢!, Fig. 1505, was left 
open until only pure steam issued from it before the experiments began. The readings of the gauge 
were made always ona signal being given by the observer at the imlieator. The observations made 
were in essential points as follows; their order was of course varied in different cases, and the 
whole series of observations were not made with every one of the springs. In the first place a 
horizoutd line was drawn onthe ecard by a pin fixed for the purpose to the fraine of the indicator. 
This line served as an axis from whieh the various ordinates could be measured; it was repeatedly 
checked, to make sure that the paper lind not shifted on the drum. Before the admission of steam, 
and while the instrument was still cold, an atmospherie line was drawn. The piston rod was then 
gently raised by hand, and then left free to tuke up its own position, which seldom coincided 
exactly with the former position, ‘The spring was next depressed by hand in the same way, and 
vpain left free, and again im most cases it did net return quite te its former position. This raising 
and depression by hand were generally repeated once or twice. Steam was then admitted to the 
apparatus, and when the indicator cylinder had become fairly heated the same experiments were 
repeated. These experiments may be called deflection experiments. The height of the mean 
atmospheric line, which will be afterwards referred tous that from which pressure ordinates were 
mensured, was taken asthe urithmctical mean of the observed hcights, after upward and downward 
deflection. 

Steam was next admitted to the cylinder, and after a few seconds’ pause, so as to allow the 
spring to take up its full compression, the pencil was brought to the paper, and a tirst pressure line 
marked by moving the latter over it. The pencil was then 
raised and depressed as before, a fresh line being marked 
each time, and the height of the mean pressure liue was 
taken as the arithmetical mean of the heights of all these 
deflection lines. 

The distance between the mean pressure Jine for any pres- 
sure, and the mean atmospheric line, was taken as the mean 
ordinate for that pressure, corresponding to the particular 
spring and indicator used in the experiments. 

In taking an indicator dingram no time is allowed for the 
spring to tuke its full compression against tho frictional 
resistance in the cylinder, and against what may perhaps 
be called the molecular inertia in the spring; it therefore 
appeared necessary to make some experiments with condi- 
tions more exactly representing those under which an indi- 
cator card is taken in practice. To do this the indicator 
cock was opened and closed quickly several times in succes- 
sion, while the drum cord was pulled by hand, the pencil, 
therefore, tracing on the paper diagrams Fig. 1507, resem- .o gg a 
bling the admission portion of common cards, and produced 1507. 
under identical conditions, at least so fur as the motion of 
the indicator pencil was concerned. Before allowing the pencil to leave the paper, it was in 
many instances allowed to trace a final pressure line along the whole card, the indicator cock 
standing open. An atmospheric line was drawn on exch card both before and after the diagram 
was drawn, in the one case with a pencil previously at rest, in the other, of course, with a pencil 
which had just been in motion, downwards, as the pressure was removed. 

While the admission line of an indicator diagram is being traced, the momentum of the moving 
parts tends to increase the height of the pencil, tho friction in the cylinder tends to diminish it, 


1506. 
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but during the tracing of the expansion curve the latter action is reversed. The resistance and 
the imperfect olasticity of the spring still tend to hinder motion, but the motion hindered is down- 
ward instead of upward, so that the height of the pencil is at each instant greater than it would be 
were the action of the apparatus perfect. Just at the cut-off the pressure begins to full before the 
pencil does, the Intter will only move when the difference between the stcam pressure and the 
downward thrust of the spring has become equal to the resistances due to the causes just mentioned. 
That some action of this kind must take place is obvious enough, but whether or not to an injurious 
extent could only be determined by experiment. For this purpose the pipe a, Fig. 1505, was left 
for some time in free communication with the boiler, all the indicator cocks being ut the same time 
open. The steam pressure in the boilor was gradually lowered, and the indicator pistons allowed 
simply to follow it. The pencil was not left in contact with the paper, but at intervals a short 
pressure linc was marked. 

The nature of the diagram experiments may perhaps be made clearer by Fig. 1507. The results 
of the other experiments hardly necd illustration. Fig. 1507 is a copy of one of tho diagrams tuken 
with spring E. In the figure, a is the fixed horizontal, 6 the first atmospheric linc, and cc c¢ the 
diugraw. It will be seen that the cock was opened and closed quickly three times in succession, 
and then allowed to remain open while the paper returned, the pencil then tracing the final pressure 
nee d. Communication being again ppeied with the atmosphere the final atmospheric line e was 

rawn. 

In Table XIII. the first column gives the reference number of the springs, and the sccond the 
diagram scales supplied with them, in pounds a sq. in. aninch. The latter are repeated here for 
the sake of convenience. No scale was supplied tor D,. Column 3 gives the approximate stcam 
pressure at which the experiments were made. It is neevssury that this be known in_each 
case, because the error of the springs differs at different pressures. Columns 4 to 11 of Table AIIT. 
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give, in a form comparable with the figures of column 2, the diagram scales corresponding to the 
difterent lines drawn. The numerals I, IL, in Roman type, refer to the first and second series of 
experiments respectively. The scales deduced from the first pressure lines are given in columns 
4 and 5, from the arithmetical means of the upwurd and downward deflections in column LL, and 
from the moving pressure lines in columns 7 and 8 These different lines for one ex periment with 
one spring were illustrated in Fig. 1507. The scales for the free springs, that is the springs out of 
their indicators, at or near the pressures of column 3%, are given in columus 9, 10, and 11. #0 that 
some cstiniate may be made of the total effect of piston friction on the springs. ahi 

Comparing coluinns 4 to J] among themselves we find very large discrepancies in the cases of 
C, and D,, discrepancies so large as to muke the differences in the other cases appear almost trifling 
although in some instances they are not inconsiderable. If we compuro these columus however, 
with column 38, we find that in A,, C,, D,, and E there are very notable differences, the scalo 
supplied only representing in the roughest way the real compression of the spring. 

Table X1V. contains a summary of results. The first column gives the reference letter for the 
spring, and the second the condition as to the boiler pressure, rising or falling, under which the cx- 
periments were carried on. In the third column are noted the approximate, maximum and minimum 
pressures, and the fourth gives the number of readings taken as the pressure changed from one to the 
other. The results of the experiments are given in the two Jast columns. Column 5 gives the average 
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error of the rcadings in pounds a aq. in., as compared with the scale supplied with the instrument, 
and column 6 the average difference between the rising and falling reading for any pressure between 
‘those given in column 8. With the exception of the rising pressurcs of spring C,, the errors given 
in column 5 are all positive, that is, crrors of excess, but in all cases the excess is much greater for 
falling than for rising pressures. Had the quantities in column 5 been compared, however, with 
the scale of the free spring, the rising and falling errors would in all cases, except D,, have been of 
Sita signs, the reading on the scale supplied being always in excess of the true reading, as 
‘Table XIII. shows for the springs treated in ‘'able XIV. The importance of the differences shown 
in column 6 lies in this, that the expansion line of an ordinary indicator card, and often the admis- 
sion line also, where there is wire drawing, is traced under circumstances very much resemblin 
those under which the falling pressure lines were here drawn, the mischief being only aggravate 
by the fact, that in drawing the card the pencil remains throughout in contact with the paper, whilo 
here pencil friction was not allowed to act. 


TABLE XIV. 
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Spring.| Pressure in Boller. which Keadings im crag tie ean Readings at 
were taken. nee a ae ges gph aaa ges facie loa 
1. 2. 3. 4, | 5. | 6. 
Ib. a sq. in. | Ib. a aq. in. 1b. a gq. in. 
A, | Rising... .... 88 and 70 6 + 2°4 3:5 
A, | Falling... .. 70 4, 20 5 | + 5-9} - 
B Rising... .... 36 ,, 6S 6 | + 1°] | 3°3 
B Falling ees 68 ,, 19 5 + a | 
C, | Rising.. .. 0... 26 4, 68 6 — 3°6 1954 
C, Falling ho tas 68 , 19 5 “+ 7-8} 
DVD, | Rising.. ae 3t ,, 68 | 6 + 5°3\* 4-2 
D, | Falling . | 68, 19 5 cs 9-5 | 
E | Rising”. | St | 68 6 411°6 AN teas 
q Falling | 68 ,, 19 5 eerie, | 
F Rising .. 38, 56 4 + 1:4 19 
F Falling | 56 ,, 22 3 + 3-3} | 





* Cumpared with scale of free spring (hot) at maximum cumpression 


From tho differences which are constantly found in the length of indicator cards, taken under 
precisely similar conditions, we know that the string has stretched somewhat, under the pull due 
to the resistance of the paper drum spring. The stretching of the cord, which is in this way 
upparent, must no donbt take place to a different extent at different parts of the struke. At the 
beginning of the stroke the cord must be most stretched, the paper drum lageing beliind, as it 
were, the point from which reciprocating motion is taken. At the end of its stroke the cord has 
wobably recovered its original length, so that during the latter part of the stroke the drum has 

‘en gaining on the point mentioned. The result is that to get a true diagram from the actual 
ecard, we should have to shift the errlier ordinates forward, and the later ones backward, one ordi- 
nate only remaining fixed, the one, namely, which corresponds to the point at which the driving 
point and the paper drum had equal velocities. In order to determine quantitatively the value of 
the correction to be mace in the indicator card on account of string stretching, Berndt made a 
number of experiments with a special and very ingenicus apparatus devised by Weinhold. In this 
apparatus a reciprocating bar was driven by a crank, und motion given to the indicator cylinder by 
a cord attached to the bar. An electric connection was arranged by which picces of paper attached 
to the bar and the cylinder, respectively, could be simultaneously pierecd by an clectrie spark a 
certuin muinber of timts, ut regular intervals during each stroke. In this way it became easily 
possible to make a very accurate comparison between the motions of the drum and the driving 
point. The relation in which they stood to cach other, was found to be as just described, the 
unchanged ordinate coming, in the average of all the experiments, to 0°78 of the stroke. Berndt 
estimated the cffect of the alteration by drawing ideal diagrams for cut-off at 0:5 and 0-3 of the 
stroke, correcting them for cach experiment, and then measuring the alteration of area by a plani- 
meter. For both catgut and good hempen cord tried in several ordinary conditions as to dryness, 
he found that the nocessary correction amounted only to 0-5 per cent. The cord was £°3 ft. long 
and was carried straight from the bar to the dram, without guiding pulleys. No perceptible 
alteration was found in one set of experiments in which the cord was 7°0 ft. long, similarly 
arranged. The use of thin brass wire, 7 ft. long, reduced the error to 0°3 per cent. With 
cord or wire, 7 ft. long, carried vver two guide pulleys at intervals, the error came out equal, 
pnd was 0°9 per cent. With very wet cord it was found that the error was much inercased, 
as might be expected; it was 1°8 and 3°6 per cent. respectively in two experiments. The crror 
was in defect in every case, so that the indicator carda wuie too small by the fraction mentioned. 
It will be seen that on the whole this error may be neglected when good and dry cord is used, and 
the length is not too great; it seems seldom likely to reach 1 per cent. with the cnts-offexumined by 
Berndt. For earlier cuts-off, however, it must be greater, although in the abseuce of detail we 
cannot say by how much. The crror in the form of the expansiun curve caused by the stretching of 
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the string will necessarily be much more perceptible than the error of area, and may be quite 
noticeable even when the latter is unimportant. = 

For making the connection to drive an indicator the beam engine offers excellent facilities, for 
it is only necessary to tie the string upon one or other of the radius rods, to obtain an adjustable 
length of stroke, which can be readily suited to the length of indicator diagram required. In 
horizontal engines, the usual practice is to fix a temporary wooden radius bar, Fig. 1508, to oscillate 
upon a centre, and its lower end has a fork or slot to work at any convenient part of the crosshead. 
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The point of suspension in such cases must be perpendicular to the centre of the stroke, and the 
indicator string should be taken over a pulley, sct at right angles to the radius bar in its middle 
position, and at such a level as to be opposite the part where the oscillations measure a convenient 
stroke for the particular indicator employed. In the case of high-speed horizontal engines, the slot 
arrangement, if not well constructed, is liable to produce an unsatisfactory vibration ut the ends of 
the stroke, and thus affect the diagram by ciusing unaccountable irregularities therein. Four use 
with such engines, it is well to have a short connecting link between the motion block and the end 
of the temporary radius bar, instead of a slot, and care must also be taken to have the wooden bar 
itself tolerably stiff, soas not to bend with the rapid motion it encounters. 

In setting indicators upon cylinders, it must be borne in mind that where a rapid current of 
steam occurs, as in ports and pipes, any orifice at right angles to the direction of the current receives 
less than the real pressure, consequently erroneous diagrams will be taken whenever steam passes 
rapidly across the orifice of the indicator cock, and thus it must never be fixed in the ports or near 
them. Before fixing any indicator, its permanent stop-cock must be opened for several revolutions 
of the engine, to clear away forcizn matter that is sure to accumulate therein. When engines are 
indicated for the first time, this precaution is more especially necessary. String for driving the 
indicator should not be used quite new, as it continually stretches ; and where uny great length has 
to be employed, fine brass wire is preferable, In order to regulate the length of cord correctly a slip 
nodse is found very useful. This consists of a picce of leather about 1¥ in. long by 2 in. wide, an 
3, in. thick. ‘Three tine holes are perforated through this leather, and a picce of cord about 2 ft. 
long, tied to one end. The other end of the string, after passing through the remaining two holes, 
has a hook attached, and a ring may be conveniently placed on the opposite loop. This arrange- 
ment forms a sort of slip noose, and is very convenient for lengthening or shorteuing the indicator 
string. 

Where practicable, it will be found the best plan to employ two indicators for each cylinder with 
the connecting pipes as short as possible, the common plan of using pipes joining the two ends of a 
cylinder with a three-way cock to a single indicator, is open to considerable objeetion, and in any 
case the steam passage should be as short and direct as possible, and of ample aren, in order thut 
the pressures in the engine and indicator cylinders may coincide to the nearest possible limit. 

Fig 1509 is of an arrangement for giving motion to the indicator, due to G. Cawley. ‘The motion 


is reduced by two screws having different pitches, or a pitch ratio = ai where L = the stroke of 


the piston, and / = stroke of indicator cord in the same unit of measure. It can be demonstrated 
that providing the screws D and C have a non-varying pitch, or one of similar variation, the 
motion of the bobbin A is reduced from the motion of the crosshead guide B with absolute 
correctncss. 

The screw reducing arrangement and the cocks H and I are fixtures on the engine, and are, 
therefore, always in readiness fur taking a diagram. A is a friction-bobbin and finger-wheel firml 
attached to the sliding rod E. On the bobbin is wound the cord F, giving motion to the indicator, 
and its length can be adjusted by simply turning the fingcr-wheel. The triction of the bobbin must 
be sufficient, to prevent it being unwound by the pull due to the spring in the indicator and barrel. 
Bis a movable tongue or nut working into the screw D, and can be put inor out of gear by turning 
the circular bolt-head. When a diagram is about to be taken, the tongue B is allowed to spring 
ibe ee with the screw D; and tlie indicator thus receives a reduced piston motion from the 

bhin A. 

‘The arrangement, Fig. 1508, is troublesome at high speeds, and that Fig. 1510 may then be 

«employed, here a vibruting lath is attached to a short arm set at B; if, for instance, a cord ig to be 


\ 
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taken in the direction B C, or at O for the direction © D, it will then, however, be necessary to take 
several measurements, and to prepare a diagram showing the direction of the cord, in order to get the 
correct position of the pin, and for two different positions of the indicator to have two cords and two 
pins. If, however, a segment of acircle is bolted on to the lath with a broad groove turned on the 
edge, and the cord secured at the end, it can be led away in any direction, and will always leave 
the circle at the right point. , 

1610. 
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Fis. 1511 itustrates a mode of reducing the stroke of the engine correctly and conveniently 
by the use of the pantagraph. Tn Fig. 1511, if in the straight line P”’ F, P” represents & 
oint in the piston-rod head or guide-block, p” a point in which motion of the paper drum is taken, 
7. 7 oe of the engine, py! the stroke of the indicator, and F a fixed point or centre, 
eT ae uke any convenient angle as P’ a F, and from the point p»” draw p” band pc 
parallel to Fa and P’a. Then PU a.a FB, p" 4h, and p" ce will represent the links of a pantagraph, 
jointed together at 6, a, ep", und if the point P’ is moved in the straight line P P’ the point p’ 

» , ia *) 
will move in the straight line p j/ parallel to PP’ and sl cm ee : 
ay} / 

So long asa straight line passes through the points p, Fs and F, the position of the link p’’c, 
or that of p” 6, may be varied at pleasure; for 
example, the link pp’ 6 might be continued t aoae 
through 4, and the link F a continued through 
a, and the link )’’ce made to fall on the other P 
side of ba, but pc must always be parallel! to ; 
ba, and p” 6 toca. i 

The advantages given by the use of this i 
motion are; That the motion of the piston 
innv be reduced without error of any kind; | 
and the fulcrum F may be shifted to any posi- pe 
tion, in the same plane with the links, near F, P Oo 
without producing any other effect than i 
| 
] 
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moving the puint pp” in a corresponding direc- 
tion, which position may be easily deterniined 
ane 





from the ratio for P”, p” F will always lio 


ye? K 
in the same straight line, and the motion of te 
P", when the point F is fixed, will be always Py 
exactly copied in the given ratio by the i 
point p”. - 
Thompson's indicator, made by the Buckeye Engino Co., Salem, U.8., has been specially 
designed to reduce as far as possible the weight of the moving parts, and thus secure steady diagrams 
at hich speed, In Fig. 1512 of this instrument the cylinder and its surroundings are in section, 
as well as the paper drum and the parts which carry it, but the two systems are cut on a different 
plane, that of the paper barrel bene beyond the other, though the two planes are parallel, The 
stem of the blige piston is short and has a hollow trunk screwed on it, inside of which the connect- 
ing rod works. Thies rod hag on ite lower end a heud or collar, the upper surface of which 
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forms part of a sphere, while the lower is concave and concentric with the upper. An internal 
collar in the trunk fits the spherical surface of the head on the connecting rod, while a stud which 
is screwed into the stem of the piston, has a hemispherical 
end which fits the concave surface of the head. This stud 1512. 
can be udjusted out or in, to take up lost motion at any time, 
or make the joint free as may be required. 

This joint, being universal, allows the latcral] vibration 

uired for the parallel movement, as well as acting as a 
swivel, to allow the head piece which carries the lever and 
parallel device to swing round, and carry the marking point 
to or from the paper. The lever E which carries the pencil .- 
is pivoted to a swinging bracket, while the link or radius 
bar, being pivoted to the fixed standard, controls the move- 
ment of EK, so that the pencil moves in a straight line, 
that result being secured by the arrangement of the several 
pivots and a proper length for the radius bar. The pivots are 
all made with taper steel pins and must work free. The 
spring, Fig. 1513, when in place, works betwecn the piston 
and cap and is fitted to screw on. The connecting rod is 
screwed into the head and locker by a keeper nut, which 
allows the connection to be shortened or lengthened, to 
accommodate slight variations in the length of the springs, 
or to throw the pencil higher or lower on the paper accord- 
ing to the pressure or vacuum existing. The spring of the 
paper drum, which is not shown, is contained in the drum, 
and its ends are hooked on to studs, one of which is on 
the inner periphery of the drum, and the other on the boss 
of a milled edge flange, so that by turning the flange the- 
tension of the spring can be properly adjusted, a thumb nut 
then holding it in position. The thread in this nut is 
made right or Icft according to the hand of the instrument, 
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it being made so that the furce of the spring will tighten it. The other parts arc almost identical 
with those of the Richards indicator illustrated at p. 2017 of this Dictionary. 

In the indicator devised by John E, Sweet, Figs. 1514 to 1517 the parallel motion is dispensed 
with, and a uniform travel obtained with both piston and pencil point. 

Figs. 1518 and 1519 show the reducing device adopted by John E. Sweet for giving motion to tho 
paper. A, Fig. 1518, is a bent rock-shaft mounted in bearings over the crosshead of the enging, in 
the supports B B.C, a pendulum red swung hack and forth by the motion of the crosshead ; this 
carries a sliding block D, which can be raised to the wie the rod or allowed to fall to any dosired 
point by the adjusting collar BE. <A string F, passing through the centre of the rock-shaft and over 
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the pulley, enables the operator to raise or lower this block, ch: jee of the specd of the engine. 
ho trunnions on the block are at rest when the block is raised, so their axis corresponds with the 
axis of the rock-shaft, and have a motion proportional to the motion of the crosshead when let 
down. A weight is suspended somewhat heavier than the block and its connections to the cord, 
80 that by raising the weight motion is imparted to the indicator, whilst dropping the weight stops 





it. This arrangement would need modifying to suit circumstances, but the principle of sliding the 
block to and from the axis of mution is applicable in all cases. In the place of a string for connect- 
ing the reducing device with the indicator, a connecting rod, one end of which is shown at a, Fig. 
1519, may be used. 

Figs. 1514 to 1517 show Swect’s indicator in cross-section and clevation. 

The prineipal feature is in the method of holding and moving the paper. Instead of wrapping 
it round the outside of a evlinder. it is bent and held on the inner surface of a segment; and 
instead of being moved around and back in a circle, it is moved forward and back in a straight line. 
So the power from the engine is carried directly to the paper-holder, without strings or springs, and 
ix a positive motion which can be run at any speed. By this method of fixing the paper it can be 
placed in one-fourth the time, and any kind of paper or card can be used. To place the card it is 
only necessary to set the lower edge in the bottom channel, press it back, and hook the hook G over 
the upper edge. 

The pencil arm is a tube of about ,); in. external diameter, through the centre of which passes 
the marking point, of copper wire, about =; in. in size, ‘The pressure is put on the marking point 
by the spring H, which is forced agninat it by the cam I. In this way the pressure is put on, and 
the forve is the force of the spring. entirely beyond the control of the operator. 

The pencil has a range of 60°, but, instead of moving 30° above and 30° below, the arm plays 
from 74° below to 524° above the horizontal, and the link placed in that inclined position that 
gives to the pencil so nearly a perfectly uniform velocity ratio that when multiplied twelve-fold the 
vuriation is scarcely discernible. It will be seon that it not only dispenses with the parallel motion, 
but dovs away with considerable weight in the pencil and pencil-holder at the end of the arm, where 
it doves the must harm. 

It is stated that with this indicator as yood cards have been obtained at 330 revolutions as from 
Richards at 220 or from the Thompson at 270, under the same conditions, 

Fig. 1520 is of Darke'’s detent, ited to Richards’ indicators by Ellicott Bros., of London. This 
contrivance is arranged to control the motion of the paper drum of the indicator without the inoon- 
venience of hooking and unhooking the cord. 

The Fig. 1520 represents an indicator in plan, with detent attached. C D is a small segment of 
brass pinned on the lower ond of the ferrule which carries the pencil arms, and which therefore 
moves with any motion of them, The ond D enguges the nose of the pawl A, which again engages 
a seymont of a ratchot wheel B.A small spring F presses upon a pin in the pawl at G, and 
tends to keep it in gear with tho ratchet segment. 

The indicator is shown with the paper drum at the end of its stroke, and the spring of the drum 
consequently in tension, the vord being supposed to be in connection with the moving engine. With 
every stroke of the engine the cord is therefore tightened and slackened, the slack being tuken up 
ellah a little elastic pinced in the cord, between the engine and the eye of the cord of the paper 

Tum. 
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i3 about to be taken, the pencil arm is moved to the position shown, and the 
sid ork ie eet C D gently presses the nose of the pawl A at D; as the cord tightens by 
the motion of the engine, the pressure given by the spring of the paper drum upon the tooth of the 
ratchet B is removed, the pencil advances immediately towards H, the pawl takes the position as 


1520. 1621, 





1822, 





shown dotted, and the paper drum commences its movements with perfect smoothness. To stop, it 
is only necessary to move the pencil arm hy a backward motion, when the pawl again engages the 
ratchet and prevents the return stroke. It will be seen that so long as the nose of the pawl rides 
upon the brass segment C D, the indicator retains, and can be used in, its old form, 

The contrivance is one which will be found very uscful, especially when taking cards from fust- 
running engines, or under circumstance which render the card difHeult of access for hooking and 
unhooking in the ordinary way. ee 

Stanck, of Prague, hua proposed 1 new arrangement, Pigs. 1521 and 1522, of an guiding pulley for 
the cord which moves the paper drum of an indicator. It wil be seen that the pulley p can 
be turned round an axis X X, whereas the cord, passing through the hollow pivot «, remains in 
its proper position, By means of the screw d the pulley can be tixed in any position required, 

In comparing this arrangement with that usually employed, it will be found that the cord can 
he moved more freely in any direction, without interfering with the correct action of the apparatus. 
Moreover, the arrangement, if once properly adjusted, is not liable to allow the cord: to double on 
the paper drum pulley, that is to say, to go round more than once, a case Whieh ie by no means 
uncommon With the ordinary pulleys. 

Continuous indicators give a permanent record of power employed, and one of the contrivances 
of this description is Ashton and Storey’s stcam-power ineter, of Which the essential detans are 
represented by Fig. 1523. ee 

This instrument measures the power given out at every stroke, like any other indicator; and it 
multiplies the varying pressures by the speed, and records the amount by means of figured dials 
attached to the apparatus. Thus, if the amount of power indicated yesterdiy be deducted from that 
shown to-day, the exact power expended in the interval is known with perfect accurney, 

The indicator piston A has a connection with the upper and lower side of the cylinder by pipes 
attached to cocks a and /, so that the exact difference of pressure on the two sides of the engine 
piston, ure transferred to the indicator piston to draw it up or down, aud Bia ada or extend the 
spring FE, which is calibrated to each linear inch for any desired seale of pounds a syuare inch, A 
tong pinion B, with its integrating wheel D, is carried by the mdicator piston red ; it in free to turn 
round, but held endways by collars. A circular dise F, mounted upon a short horizontal shaft, is 
held by alight spring aguinst D,and this disc bas an oscillation given to it for a suitable connection 
with the enyine. 

The integrating wheel D is set to stand at the middle of the disc F when all is at rest, and there 
is No pressure on either side of the piston, so that in the position shown no motion of F has any 
effect on D. But as steam pressure forces D upwards or downwards, the movement of F is trang- 
ferred to D, and the extent of motion so given to the index during any stroke of the engine, 
is proportionate to the pressure of the steam on the indicator piston during that stroke, becaure the 
rate ut which the integrating wheel D is driven by the dise F, ia directly proportionate to the dis- 
tance by which it is raised or lowered from the centre of the disc, und this distance is the same as 
the amount of compression or extension of the indicator spring. 

When the stroke is finished, and a return stroke commences, the dise will rotate in the opposite 
direction ; and as the steam acts on the opposite side of the piston, when the motion of the engine's 
piston is reversed, the integratiug wheel will be moved to the opposite side of the centre of the dise, 
and both it and the index will continue to be moved in the same direction as before; the quantity 
of motion through the return stroke of the engine will again be proportionate to the pressure of the 
steam un the piston, and will be added to the movement of the index during the preceding stroke. 
By this means, therefore, the registering index is moved during each stroke of the engine, throngh 
& space proportionate to the sum of the moments of pressure exerted during that stroke, and conse- 
quently the total amount of power developed during any given time is thue indicated. 

In these instruments, as generally made, the proportions of the moving parts and gearing for 
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reducing the moti.n down to the registering index are so arranged that each unit on the dial repre- 
sents 1000 foot-pounds a circular inch of the engine piston; but for convenience of reference, 
where the indicator is intended to be employed constantly upon any particular engine, a separate 
index may be provided on the dial, for showing at once the load on the engine in horse-power, by 
simply observing the movement recorded by this special index during one minute. 
n Kenyon’s pistonless indicator a tube similar to that of a Bourdon gauge is utilized to 

transmit the pressure, but there are 
many objections to this form, and it is 122. 
doubtful whether the tube can stand 
excessive pressure without damage. 

A slide valve indicator is employed 
to show the whole of the motion und 
action of a slide valve, and at the same 
time duly allow for the variations due 
to any length of connecting rods, thus 
furnishing a ready means of quickly 
comparing one valve with another, or 
obtaining the whole of the particulars 
which show the distribution of tho 
stcam in any existing enyine. 

Fig. 1524 is a plan of Wm. Cooper's 
slide valve indicator, as made by Elliott 
Bros., and Fig. 1525 is a side elevation. 
AA is tho frame carrying the moving 
parts. B is «a long slot in which slides 
tho slide block © corresponding to the 
piston of an ordinary engine. D is a 
small slot parallel with the long slot B 
and graduuted on one side, giving 
various lengths of connecting rod rela- 
tive to the length of the stroke. E is 
an adjustable graduated seale, on which 
may be read off the various positions of 
tho slide block C, either on the up or 
down stroke. F is a swivel coupling 
for fixing any length of conuceting rod 
in relation to the stroke of the envine. 
G is the connecting rod. His a crank- 
ee for giving Lane ee eee cting 
rod, it is fixed to the bevel wheel J. ' 
K is a centre stud carrying the bevel eres: | 


wheel J; and L. tsa pinion pearing inte 















and driving the bevel wheel and crank. ae ~ : 
M is the pinion shaft) worked by the i ) iy Fs 
milled wheel No which operates the a >, s 

whole instrument. OO ia a centre en 
slot in which are placed two rods PP, rf 4 — ° 
and worked by the knobs QQ. RR > TF El 
“are traverse sliding platen, to indicate 5, re 5, 
the lap and Jead of the valve, they are 7 2 
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also worked by QQ. which are con- 
nected with the shding blocks Ss. 
T is a sliding pointer, adjustable in 
length by the small screw Vand fixed 
to turn with the crank; if may be sct 
nt oe tee to the crank by the milled 
nut U U are two arms graduated 
in inches for adjusting the length of the 
pointer T, which is usually set to de- 
scribe a circle whose diameter equals 
the travel of the valve. 

To uso the instrument the crank is turned on to the centre, and the acale E adjusted to the 
required length of -onnecting rod by bringing the ae of the scale opposite the ae a length of 
rod, the set screw at F is then cased, and the piston adjusted to the zero on the scale E, The zero 
on this scale is either at the top or bottom, as tiie crank is cither on the top or bottom centro, and 
E is doubly marked, reading both up or down as the case may require, The two plates R R are 
moved from the central, a distance equal to the lap of the valve. If we suppose the crank to be on 
the bottom centre then the pointer T is moved across U U, set to half the travel of the valve, and 
fixed by the central screw V; the bent point is turned up towards the piston until it crosses the first 
edge of the lead plate R, such a distance as will equal the lend required, and fixed there by the 
milled nut X. T’he point of the needle, a, now actually becomes the centre of an eccentric, and 
its position with regurd to the crank is the same. 

he instrument is then ready for use. By turning the wheel N, the needle moves" from 
its position towards the top of the circle which it describes. When it reaches b the valve is full 
open and the distance from BR to end of the necdle is the opening the port then has. When 
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the needle reaches the edges of the plate R at c, the valve is closed, and when, by continuing the 
motion, the needle reaches the centre line U U at d, tho exhaust, if the valvo’ has neither inside 
lead nor lap, begins on one side, and compression on the other. Again, when the needle roaclies ¢ 
compression ceases xnd lead begins, before the crank is on the centre. Finishing tho stroke 
by turning the wheel a little further, and inserting the pin on the right to cnsuro the crank’s 
proper position; the needle will then be at f, and the distance from f to the edge e¢ will be the lead 
the valve has at the other end. Continuing the motion for the other stroke, and at each of the 
points above named, the position of the piston with regard to the scale E is to be read off. 


1524. 1525, 


wen 





! 
; 
Se eet se ee ————— { 
on ee re ees Se ES . 
) eS - ithe 
mn 
a 





4, ae ry 
aqtine ape 


Vhe instrument uffords the mcans of ascertaining how far the piston has travelled when tho 
steain port is full open, and how much this opening varics by using the reversing link as a means 
of expansion; as also the part of the stroke where the sterm is cut off by the valve closing, and 
expansion begins, as well as the point at which expansion ceases by the opening of the steam port 
to the exhaust. It will in addition indicate the portion of the stroke performed under the expansion 
of the steam; the point at which the exhaust ceases and expansion begins; the portion of the 
stroke guier ies during the compression of the steam; the point where the steam port is opened 
by lead and before the piston has finished its stroke; the portion of the stroke performed aguinst 
the steam which is admitted by lead; and also how these details differ between the up and 
aid Na owing to the angles formed by the connecting rod. 

ON. 

In the smelting of iron the advisability of roasting iron ore before reduction in the blast furnace 
has long been a debated subject. Some ores no doubt benefit materially by this preparation, 
and it is a common practicew ith many ironmasters to employ this preliminary treatment of the 
mineral. F. Akermann, the cclebrated Swedish metallurzist, has thoroughly investizated the 
matter, and from his researches we abstract the particulars which follow. 

The action of roasting iron ore is in many cases simply mechanical, hard ores become brittle and 
can then be better worked. Ores containing carbonate ‘of lime should not be roasted long before 
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reduction, as the caustic lime produced in the roasting slukes on exposure to the air, absorbing 
moisture and carbonic acid, and producing a considerable amount of dust. 

The heat required for roasting ores containing carbonic acid and water is considerable. The 
heat which becames latent on the evaporation of water is 536, and according to Regnault cach unit 
of water which is raised from ¢ to t’ degrees and evaporated at the latter temperature requires 
606°5 + 0°305 t’ — ¢ unite of heat. To the congiderable amount of heat which is bound in roasting 
ores containing hygroscopic water we must add that which is required to expel the water of 
hydration from its chemical combination with the oxide of iron; we possess at present no data to 
calculate the amount of this loss. 

For the decomposition of each unit of carbonate of lime Favre and Silbermann calculate 
$73°5 units of heat, that is 373°5 =x 100: 44 = 849 calories for each unit of carbonic acid expelled 
from the carbonate of lime, or 373°5 « 100: 56 = 667 calories to each unit of weight of cauusticized 
lime. The absorption of heat duv to the decomposition of the carbonate of iro is not known, but 
as the protoxide of iron is a much weaker base than lime, it may be assumed tbat it is less than that 
given ubove for lime. 

The decomposition of carbonate of lime begins at about 600° C.; but it is not till nearly 900° C. 
that it takes place at all rapidly, and even at this temperature a lump of limestone requires a long 
time to become caustic inits interior. For driving out carbonic acid from finely divided carbonate of 
iron, only 300°-400° C. are necessary, and the water contained in pulverized bog iron ore is 
expelled at 200°-300° O. The temprrature necessary for driving out the water and carbonic acid 
from the hydrates and carbonates of iron is therefore not very high; but much heat is absorbed 
during the operation, and still moro in causticizing the lime. 

Some iron ores do not require roasting. This is the case with those which contain no sulphur 
and which are, in their natural state, sufficiently loose in texture to allow the reducing gases of the 
blast furnace to penetrate. Some of the softer varicties of haematite may at once be tipped into the 
blast furnace in their natural state; but if the haematite be very compact, a moderate red heat will 
be found to break it up into smaller picees, thus giving better access to the gases. Some of these 
ores, however, are liable to fall into dust if roasted at a low temperature ; in such a case a higher 
tempernture must be used. In some cases, when the ores contain constituents which are expelled 
by heat, it is not necessary to roast them specially, the volatile substances being expelled in the 
upper part of the blast furnace itself. With high furnaces the amount of heat bound in this 
operation does not interfere with the reduction of the metal. Many hydrated ores are very difficult 
to roast, on account of their fine state of subdivision, and if they are heated during the operation 
to a temperature sufficient to clinker them, they become more difficult of reduction in the blast 
furnace. There is also a considerable loss of ore which is carried off in the state of a fine dust 
by the gaseous products of combustion. In some cases carbonated ores are smelted direct withont 
previous reasting ; but experience has taught that it is more advantageous to roast them slightly 
first. ‘This is no doubt partly due to the temperature required to drive out the carbonic acid being 
higher than ¢hat necessary for the evaporation of the water in hydrated ores. The reducing zone in 
the blast furnace is driven lower down in consequence, with the attendant disadvantages. It must 
also be taken into account that the carbonated ores contain nearly double as much earbonic acid 
as the hydrated ores contain water. The protoxide of iron contained in the carbonated ores becomes 
converted into the higher state of oxidation during the roasting process, causing the ores to become 
porous. According to Wedding, the carbonate of iron, heated without special excess of air, forms 
4F-O, Fe,Q;. Grancer, however, states that carbonate of iron heated to 3007-100" C. in an 
atmosphere of carbonic acid gas is converted into a state of oxidation more nearly approaching that 
of magnetite. If there be plentiful access of air the final product may be Fe,O,. The higher 
the stage of oxidation, the more ensily it is reduced, it is therefure clear that the roasting of 
carbonated iron ore should take place in an oxidizing heat. 

It is chiefly in the case of ores containing a considerable proportion of carbon that tho roasting 
must take place in a reducing atmosphere, in order that the whole of the carbon may not be 
consumed, but that some of it may be subsequently utilized in the blast furnace. In such cases no 
further fucl need be added to that contained in the ore. Such methods are, however, exceptional, 
and are chiefly used for black band ores, 

Roasting has frequently for its object the conversion of the magnetic oxide of iron into the 
peroxide, from which latter combination the iron is more casily reduced to the metallic state. But, 
although such a conversion may be complete, yet a very long time is necessary to effect it in eases 
where the structure of the mineral is very dense. The best temperature in such cases is a yellow 
heat, for, according to Tholander, peroxide of iron commences to give off oxygen ut a higher 
temperature under the conditions prevalent in roasting kilns of the ordinary construction. 

A very high temperature is only of use when the ore contains a considerable percentage of lime. 
Tholander’s experiments show thut calcareous maguetic iron ore, when heated to a temperature 
slightly above the melting point of silver, forms a compound of lime and peroxide of iron, which 
begins to melt, but without decomposition. ‘Fhis compound is more easily reduced than the ore in 
ita natural state, but not s0 easily as free oxide of iron. 

[t is therefore evident that, in roasting ores containing peroxide of iron, too high a temperature 
must be avoided. Tholander’s researches indicate that eveu when oxidizing gases have free access 
to oxide of iron at a high temperature reduction takes place, the proportion of oxygen sometimes 
winking below that contained in magnetite. An oxidizing roasting of magnetic iron ore is especially 
serviceable when the degree of oxidation of the ore is-lower than that of pure magnetite. It is 
invariably found that the percentage of oxygen increases during the roasting of magnetic ores, 
while the reverse {s sometimes the case with hamatite. 

Caleareous or manguniferous ores may also be advantageoualy subjected to an oxidizing roasting. 
The protoxide of iron musct absorb oxygen before it can combine with the lime, and any protoxide 
of mangancse which may be present alan booumes converted in a more highly oxidized compound, 
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With regard to the oxides of manganese, the same observation may be made as for the oxides of 
iron: at a low heat oxygen is absorbed, while at a higher temperature it isagain given off. 

Silicates of protoxide of iron can be decomposed by means of oxidizing rousting. The result is 
a mechanical mixture of free silica with a combination of protoxide and peroxide of iron. This 
reaction is of great importance, as the silicate of the protoxide of iron is extremely difficult to reduce 
direct, because the affinity of the silica to the protoxide of iron must be overcome in addition to the 
affinity of the oxygen to the metal. Such silicates are, in addition, easily fusible, and are liable to 
interfere with the action of the blast furnace by melting prematurely. Tholander found that when slag 
from a puddling furnace was heated to a red heat with access of air it absorbed oxygen and became 
more and more magnetic up to a certain A pee If the roasting were then continued, there was a 
diminution in the magnetic properties, and white scales of silica were formed. This takes place at 
a dull red heat ; but the change is more rapid at a higher temperature, provided there is no fusion. 
It is very difficult to oxidize the whole of the protoxide of iron contained in such a slag; in an 
experiment which lasted 23 hours under highly favourable conditions the oxidation was not complete. 

Ores which contain a large proportion of silicate of protoxide of iron are usually of a greyish or 
dark green colour before roasting. After that operation they assume a yellowish or reddish brown 
tint. Some silicates of the protoxide of manganese, in which the base predominates, can be easily 
decomposed by roasting; others which contain more silica ure but slightly changed, 

Sulphur occurs in ores chiefly in three forms, numely, the different kinds of pyrites, zine blende, 
and galena. A very small proportion is sometimes present in the form of sulphates, which may 
generally be removed by lixiviation. If the heat to which the ores are subjected be not oxidizing, 
one equivalent of sulphur will ulways remain for each equivalent of metal, the excess only being 
driven off. Iron pyrites, the most usual sulphide in iron ores, has the composition FeS,. Ata 
comparatively low temperature ao portion of the sulphur is given off in a gaseous state, and by 
raising the temperature half of the sulphur may be removed by distillation. But the compound of 
one cquivalent of iron and one of sulphur which remains can, in tho absence of an oxidizing 
substance, be subjected to any heat without losing sulphur. If, however, air be freely admitted, 
part of the sulphur is oxidized to sulphurous acid, and the final products obtained are sulphurous 
and sulphuric acids and oxide of iron, or magnetic oxide of iron if the temperature was very high. 

In roasting magnetic pyrites the products obtu:ned are the same, with the cxception that no 
sulphur is volatilized in the first instance. When arsenical pyrites FeS, + FeAs, is heated, 
sulphide of arsenic is distilled over at a dull red heat; then sulphurous and argenious acids nre 
evolved. The latter acid cannot, however, be completely expelled by heat, so that ores containing 
arsenic will always be found to retain a certain proportion of that impurity, even after the most 
careful rousting. Zinc blende is very difficult to oxidize thoroughly. In the first stage of the 
rousting proces, oxide of zinc and sulphate of zine are formed, the latter palt requiring a white heat 
to decompose it when in a pure state. Distributed in small particles through tron ores it may, 
however, be dissociated more eusily. Gulena is converted inte oxide of lead and sulphate of lead 
by an oxidizing heat ; in this case also the sulphate requires a high temperature to decompose it. 

In general, sulphides are first converted during the roasting process into a mixture of oxides and 
sulphates, the latter can then generally be decompused by the application of a more clevated 
temperature. Tholander has made some important experiments on the heat required to produee 
dissuciation between the sulphuric acid and the base with whieh it forms the sult. Two platinum 
vessels were filled with the sulphate of protoxide of iron and subjected to temperatures of 650° C. 
and 750° C. respectively. In 14 hours the contents of the first vessel contuined 0°07 per cent. 
sulphur, which was reduced tu 0°004 per cent. on being heated at the same temperature for two 
hours longer. At 750° C., corresponding with a full red hient, no traces of sulphur could be found 
after the lapse of 14 hours. The sulphates of copper, zine, and dime were heated in a muffle 
furnace for about 6 hours, when it was found that the residue of the first contained scarcely a 
trace of sulphur, while the zinc retained O°1 per cent. of that substance. The sulphate of lime 
appeared almost unchanged. Sulphate of lime was then heated to a temperature slightly excecding 
the melting point of silver (1000- C.), and even then was not decomposed. The sulphuric acid 
could only be driven off by heating this sulphate to a bright yellow heat over a gas blow-pipe. 
Sulphate of lead was partially dissociated at 750° C.; Lut cven at this temperature little sulphuric 
acid was given off. 

It appears from these experiments that sulphate of lime cannot be dceomposed in the roasting 
furnace, as the temperature necessary to drive off the sulphuric acid is so hizh that most iren ores 
would melt if exposed to it. For the same reason it is dificult ty drive the whole of the sulphur 
out of calcareous ores which contain pyrites. The sulphuric acid produced in the lower purt of the 
furnace from the pyrites combines with the lime in the upper part. These orcs are, however, much 
more easily dealt with than those which already cmtain gypsum in their natural state, as the 
sulphate is formed on the exterior of the pieces only. 

When iron ores which contain sulphur are rvasted in lumps they must be subjected to a much 
higher temperature than when in a more finely divided state. Although the above experiments 
show that no very high temperature is neeicd to free iron from sulphur, yet this only holds good 
when the ores are in a state of fine subdivision. Large pieces prevent the access of air into the 
interior, especiully if the ores be of a compact structure. In the interior of a lump of ore the 
oxidation of the sulphur frequently takes place at the expense of the oxygen contained in the oxide 
of iron itself, and to liberute this a high temperature is neccesary. 

The sulphur can be expelled much more easily from ores consisting chicfly of peroxide of iron 
than from magnetite, because the lutter requirca a higher temperature to liberate oxygen. Aga 
general rule, it may be said that the looser the structure of tle ore, the more casily is the sulphur 
aceraca iy a sapere pyrites, skanky ae , 

n the interior of pieces of very dense ore particles of pyrites are frequently found whi 
imperfectly freed from sulphur. The presence of sip aur may bo dstestod in mse hehe ca 
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moistening the ore with sulphuric acid, when, if sulphur be present, sulphuretted hydrogen will be 
evolved. The application of great heat has the advantage of fusing the sulphides in the interior of 
each lump; they can then reach the surface of the ore, and ure more easily oxidized. 

The presence of carbon can be of advantage in expelling the sulphur from pyrites. The 
sulphuric acid formed by the oxidation of the pyrites is converted into sulphurous acid by carbon at 
@ comparutively low temperature. Care must be taken not to ruise the temperature too much, or 
sulphide of iron might again be formed. In roasting calcareous ores it is of importance that the 
sulphur should be expelled in the form of sulphurous and not sulphuric acid. 

Although heated sulphide of iron decomposes steam, yet it appears doubtful whether any 
advantage is derived from the presence of the latter during roasting. The end products obtained 
by its action-upon pyrites in the presence of air are oxide or magnetic oxide of iron and sulphurous 
acid, The same products are obtained when aqueous vapour is entirely absent. 

In some exceptional cases it is found advantag@ous to lixiviate the ore or to expose it to the 
weather after a comparatively light roasting. At Kladno, near Prague, one of the largest iron- 
works in Bohemia, ores containing 1°7 per cent. sulplur are first roasted at a low temperature, 
which brings the sulphur down to 0°5 per cent., and are then placed in basins, the water of which 
is renewed every second day. In six or eight weeks the proportion of sulphur sinks to 0:1 

r cent. 

= As roasting is only a preparatory operation previous to reduction in the blast furnace, it might 
be sup that the more oxygen 1s driven out of the ore at first, the easier will be its subsequent 
reduction. Generally, however, the very opposite is found to be the case; the more oxygen is 
absorbed during roasting, the more readily will the ore be reduced. The explanation of this fact 
must be looked for in the different zones of heat which are found in a blast furnace. It is highly 
probable that when ores consisting of peroxide of iron descend in the blast furnace they are seon 
reduced to magnetic oxide, which is more porous and accessible tu the action of the reducing gases 
than if the ore had originally been fed into the furnace in the lower stave of oxidation. When ores 
in their natural state are oxidized to their highest degree, little is to be gained by roasting them in 
a reducing atmosphere. 

Heematite when free from sulphur is but slightly improved by roastiug unless its texture be so 
dense that the mechanical action of hent is necessury to render it porous. With magnetite the case 
is very different. The proportion of oxygen contained in it can be inercased either by oxidizing 
roasting at a low temperature, or by heating it until it clinkers, allowing access tu the air. The 
silicates of the protoxide of iron, which are usually associated with magnetite, are oxidized 
during roasting, and can subsequently be reduced without difficulty. In general it will be found 
shi udvantageous to roast such ores at a moderate temperature than to heat them until clinkering 

wins, 

eWhen iron ore is reduced at a low temperature, 350°-450° C., by carbonie oxide, carbon is 
usually deposited while carbonic acid is yviven oft, according to the reaction: 2CO = C + CQ,. 
This takes place in the upper part of the blast furnace, and has an important bearing upon 
the consumption of fuel. The more carbon is separated in this manner frum the escapiug gases, 
the less fuel will be required to effect the reduction of the ore. On this point also Tholander 
has made a series of experiments. He found that the more oxygen is absorbed by a magnetic ore 
during roasting, the more curbon is separated by that ore when heated with carbonic oxide. 
poeta which had been slightly reduced during roasting, showed less power of absorbing 
carbon. 

The appearance of the roasted ore is generally sufficient indication whether the opcration 
has been well conducted or not. ‘The roasted ore is less sonorous when struck with a hammer 
than the fresh, and is also much more brittle. Ita diminished density depends partly on the 
cxpulsion of water and carbonic acid, as in the case of hydrated and carbonated ores, somctimes, 
however, it is due to numerous small cracks, frequently invisible to the naked eye. All ores 
containing greenish silicates of iron should be roasted until the colour changes to reddish brown 
or reddish yellow. Well roasted ore should have the same appearance on the outside and inside 
of each piece, when broken open. If the lumps contain kernels similar in appearance to the fresh 
ore it is an indication that the operation has been too hastily pertormed. It cannot, however, 
always be expected that the degree of oxidation should be as complete in the interior of lumps 
of magnetite as on the exterior. Ores which do not require a high roasting temperature to drive 
out sulphur should have a red colour externally, gradually becoming less defined towards the 
centre of each piece. It is only in cases where the ore is extremely dense in its natural state that 
it becomes impossible to produce this red colour during roasting. 

Those ores*which require a clinkering heat during roasting should possess the bluish grey 
colour, characteristic not only of the magnetic oxide of iron, but also of the fused peroxide. 
In the case of very r ores the colour may be modified by the gangue; but even here the eye can 
easily distinguish whether the purer particles of ore have been sufficiently roasted or not. Should 
it be observed that the ore has entered into combination with the siliceous gangue, it is an 
indication that there hns Lecn a reducing atmosphere in the roasting kiln, and that the temperature 
has been raised too rapidly to the clinkering point. Where the ore has been clinkered it is a good 
sign if the fractured surface of the pieces has a shining appearance, as the clinkered peroxide 
of iron possesses more brilliancy thau the magnetic oxide. A rough exterior of each piece is to be 
preferred to a smooth enamel, the latter being produced when the ore is heated too rapidly. 

The most ancient mode of orig iron ore was to mix it with the fuel, the combustion of 
which produced the heat required. ‘This method is necessarily very imperfect, and cannot be 
compared with roasting in kilns furnished with separate heating ap tus or gas generators, 
Roasting in contact with fuel is specially injurious when the ore has to be subjected to a very high 
temperature. This can only be attained by adding more fuel, so that the danger of reducing the 
ore is increased. It frequently happens that iron is reduced to the metallic aes icc such 
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ciroumstances. Another defect of this system is the diffienlty of obtaining uniformity ; much more 
care and skill are requisite to avoid loss in this respect. In the first instance the proportion of fuel 
must be rightly determined and distributed ; then an excessive draught must be damped by means 
of fine ore and coal slack, and when the draught becomes too slow it must be accelerated. Where 
ore has to be carefully roasted it must not mixed with the fuel; but in cases where it is only 
intended to drive off carbonic acid and water such a method may be suitable. 

In places where fuel is abundant, ore is still treated by this imperfect method of roasting in 
heaps. A level piece of ground is chosen and a foundation made upon it with faggots of wood. 
Upon this the ore and coal are placed, the heap thus formed being covered over with cval slack. 
The wood is then fired and fresh ore and coul are added as the fire progresses. 

Roasting in pits or enclosures is somewhat similar to the method just described. The chief 
difference is that the heap of ore and fuel is surrounded by walls, which facilitate the regulation of 
the draught and economize fuel. At the same time the ore is roasted more uniformly than in 
exposed heaps. Where the ground is favourable, it is advantageous to build at least one of the 
walls against the side of a hill; but where the ground is level the sides of the enclosure must be 
built strong enough to sustain the weight of the ore and fuel. The dimensions of such pits vary 
from 16-24 ft. square, the height of the walls being 5-7 ft. One side is usually left open or 
provided with a large aperture for charging and emptying the pit. 

The floor is first levelled and then covered with pieces of wood and faggots. Upon these a layer 
of fine coal is spread, then ore and coal alternately. The whole heap is covered with coal slack to 
prevent the fire from rising too rapidly. In order to increase the draught in the corners, where 
it would otherwise be insufficient, pieces of wood ure placed upright against the walls and are 
removed as suon as the pit is filled. This method of roasting is necessarily intermittent ; a pit is 
filled, the fire allowed to burn out, and the ore removed when cool. Each pit requires about ono 
week to burn. The amount of fuel used is very variable, and even under the most favourable 
conditions part of the ore is imperfectly calcived and must be added to the next charge. The 
roasted ore is, where possible, allowed to remain exposed to the atmosphere for several months, in 
order that the sulphates may be washed out by the rain. ‘Phis method of roasting in pits is now 
only employed under exceptional circumstances, for instance when a new blast furnace has to be 
started. 

In most cases where the ore is roasted in contact with the fucl, usually coal slack, pit kilns aro 
now used. One of tho most simple forme is Schedin’s, the construction of which will be apparent 
from Figs. 1526 and 1527. The ore and fuel are fed in alternately at a, Fig. 1526, and the roasted 
ore is drawn at d when sufficiently cool. The air necessary for the combustion of the fuel enters 





rtly through d, and partly through the flue c and the inclined ting ahove it, 4 , 
ieat ia at the top of this kiln, consequently the more quickly eee G ieee tee it ie 
will be the distribution of heat throughout the mass. But if the ore requires to be calcined to tho 
clinkcring point, it cannot be drawn until the whole of the fuel in the lower part of the charge is 
consumed. Should the mass become so clinkered that its own weight is insuflicient to bring it 
cone it laste: is babe pied by porate of a heavy bar of iron worked from above. There ia teas 
chance of an interruption through clinkering in the worki is kiln i Li 
time fo ahs on pow tts g g rking of this kiln if the fuel is allowed more 

The height of the kiln should be so regulated that the ore has sufficient tim 
arriving at the bottom. If too high, the cost of ruising the materials to the top eas very greut. 
When the kiln is too low and the ore has to be drawn warm there is a considerable loss of eet 
The size must therefore be calculated according to the quantity of ore to be roasted and the 
temperature to which it must be raised. Finely divided ore must remain longer in the kiln than 
lump ore, as the fuel takes Jonger to burn completely. It is much more advantagenus with this 
form of kiln to have the ore in pieces of a small size, for if the lumps are large there isa preater 
passage for the air and  palrsciad of combustion in that part adjoining the walls than in the cone 
and a consequent irregularity in the roasting. The production of Schedin's kiln, where the ore 
does not require to be heated to a very high temperature, is about 12 truck-londs in 43 hours. About 
4 truckioads are emptied into the kiln at once, then a corresponding quantity of coal slack. The 
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finer particles of ore should, as much as possible, be distributed round the sides of the kiln, in order 
to counteract the tendency of the draught to break through at that spot. It is of importance to 
eohleeg the ore at the commencement in such a manner as to secure regularity of draught, as it is 
very difficult to change the direction of the fire once it begins to break through. 

This form of kiln affords special facilities for roasting finely divided ore; about two-thirds of ore 
in small pieces or powder can be mixed with one-third of lump ore. In Sweden, when very fine 
oresare to be roasted, part of the fine coal is replaced by short pieces of wood, which keep the masa 
more open. It has been found that in roasting calcareous iron ores, less sulphate of lime is formed 
in the Schedin kiln than in others heated by separate fires or gas generators. This is partly due to 
the fact, that less sulphuric acid is formed when sulphides are roasted in contact with carbon, than 
when gases only are the heating agents. Another advantage is, that the zone of greatest heat 
being situated at the top of the charge, the sulphuric acid evolved passes through a thinner layer 
of calcareous matter than where the heat is applied below. 

Some of the Swedish ores are so pure that the only injurious substance contained in them is a 
small proportion of sulphur. It was found that this impurity could not be completely removed in 
the old form of kiln, and numerous experiments were tried with different kinds of kilns. Sefstroém 
appears to have been one of the first to construct a calcining kiln in which the fuel did not come 
into actual contact with the ore. His form of kiln did not, however, succeed in practice, chiefly 
because, the greatest heat being in the centre, the ore clinkered at that spot and could not be 
reached and broken away by an iron rod. 

Sefstrém’s kiln came into use contemporaneously with von Uhr’s, which is shown in Figs. 1528 and 
1529. The five furnaces a are built into the walls of the kiln. The bottom of the ashpit @ forms 
the roof of the draw-hole c. “This arrangement does not utilize the heat to the fullest extent, as the 
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ore has to be drawn hot; but it has the great advantage that the interior of the kiln is ensily 
necessible, so that a full clinkering heat may be applied. The working of this form of kiln much 
resembles that of Westman’s gas-kiln described below. 

Tho first calcining kilns in Sweden to utilize the gases from the blast furnace were those of 
Starback. The details of construction are given in Figs. 1530, 1531. The guses enter at the holes 
b, whilo the calcined ore is drawn out ata. - 

Numerous endeavours were made to improve upon this form of kiln and to develop the idea of 
the utilization of the blast furnace gascs. The most successful construction was that of Clason, 
still in frequent use, especially in Sweden, where it is better known by the name of the Tenniuge 
kiln, from the place where it was first erected. 

Figs. 1532 and 1533 show the arrangement of this kiln in its present shape. The waste gases 
from the blast furnace enter through the pipe a, which discharges them into the circular flue 4, ¢ ia 
a recess for the reception of ashes, and d an opening for cleaning the flue itself. Krom 6 the gases 
rise through the vertical flues e into the openings f, which admit them into the kiln. The amount 
of gas entering is regulated by means of the bricks g, which slide backwards and forwards. Above 
the openings f are other apertures 4, through which clinkered masses of ore can be broken loose by 
means of an iron bar. At a considerable depth below the gas inlets are the four draw-holes i. 
The top, 4, is open; but all other orifices are closed by cast-iron doors, 

The Tenninge kiln possesses the great advantages over Schedin’s, that the calcination can be 
made more oxidizing and that there is considerable economy in fuel, waste heat alone being used. 
It has, however, several defects, one of the most serious of which is that when the heat is raised to 
the clinkering point the ore is liable to cake and cannot be brought to run down regularly. The 
kiln must then be atopped and the masses adhering to the walls broken away. To avoid this it is 
necessary that the contents of the kiln should be easily accessible in thé neighbourhood of the 
gas inlets ; but this is difficult to attain without completely altering the construction. 

It has been found in practice that the ore is not quite uniformly reasted in this kiln. The chief 
reason for this seems to be that the source of heat 1s adjoining the exterior walls, ao that there 
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must be a diminution of temperature towards the centre of the mass of ore. The flame and the 
heated products of combustion may, if the draught be good, ascend in the direction of the dotted 
lines, Fig. 1532; but even in this, the most favourable case, it is ovident that their temperature 
must have considerably diminished before they reach the centre. The greatest heat must, there- 
fore, always prevail in a belt adjoining the wall of the kiln. The ore which passes down through 
this roasting belt is well calcined, and the best method to secure uniformity would be to draw those 
portions of the ore only which bave passed 


through thia belt or zone. The construction oom, 
of the Tenninge kiln, however, renders ae sears 
impossible, as the ore from the centre slides bs < 
down towards the outlets mixed with that from SN SS 
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the periphery. Various modifications have 
been proposed to remedy this defect, of all of 
which that of A. Jansson appears to have met 
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with most success. A cast-iron pipe 5-6 ft. IN N, 
long, and 5-6 in. internal diameter, hangs down iN Si 
into the centre of the kiln. The pipe being N N 
empty and surrounded by ore, the draught is N N 
strongest immediately underneath it, and the as <= 
gases are drawn towards the centre sooner S N 
than would otherwise be the case. By this \N N 
means the width of the roasting girdle is iu- N 
creased. The central draught can be rewu- is S 


i 


lated by means of a brick placed upon the upper 
end of the tube. 

This fourm of calcining kiln is undoubtedly 
advantageous for ores containing little sulphur, 
and which do not therefore require a high tem- 
perature during roasting. With such ores the 
presence of a few lumps of badly roasted ma- 
terial is seldom injurious. The Tenninge kiln 
has this alvantage over Westman’s kiln, that 
the amount of gns wasted is not so great, the 
heat being more economically applied in the 
lower part of the kiln. Inu spite of this the 
Tenninge construction is gradually being super- 
seded in Sweden by that of Westman. The 
chief reason for this appears to be that the orca 
ure required to be free from sulphur befyre they 
enter the blast furnace, and there are few places 
where the mineral is found suftticiently pure to 
be advantageously calcined in the Tenninge 
kiln. Westman’s kiln, on the other hand, is 
capable of removing the sulphur from ores 
containing a considerable quantity of pyrites. 
It has been already mentioned that a clinker- 
ing heat is necessary in calcining ores containing 
lime and pyrites at the same time. ‘The mineral 
of the Dannemora district is of this nature, and 
it was here that the first Westman kiln was 
built. A Tenninge kiln was constructed at 
Séderfors under the superintendence of C. West- 
man. As soon as it was started, Westman found 
that the ore could not be roasted in it so 
thoroughly as in the Uhr kiln, which had pre- 
viously been in use. He cume to the conclu- 
sion that this was not due to the fuel; but to 
the difficulty in obtaining access to the ore in 
consequence of the construction of the kiln. 
Westman then proposed and built another form 
of kiln, which, although differing in some de- 
tails, was yet the same, as regards the funda- 
mental principle, as that now in use. 

The present form of Westman’s calcining kiln 
is given in Figs. 1534 to 1538, Fig. 1534 being a 
sectional elevation taken through the line CA B 
eee : ig. 1537 isa pies through D EK, 
the right half of Fig. 1536 a plan on FG, the left half partly on H I and partly on K L, the up 
portion of Fig. 3535 to the left plan on NM, the ay portion plan on 5 P, cad the fakin = 
on QR of Fig. 1534, respectively. Fig. 1538 relates to a detail of the lower portion. To prevont 
the ore from hanging against the sides when clinkered together the lower part is made wider than 
the upper. The blast furnace gases enter the annular cast-iron pipe c through the vertical pipes a. 
They are then distributed by means of the horizontal pipes d through the openings f into the kiln. 
The supply is regulated partly by valves in the main, partly by cast-iron plates which can be 
moved backwards and forwards over the apertures c. The draw-holes } are so situated underneath 
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f that the ore can be reached in any part hy means of iron bars. The vertical distance between 
the draw-holes and the apertures for the admission of gas is very slight, the latter being situated 
immediately above the iron girders y. As near above f as is consistent with the strength of the 
kiln are the holes 4, through which bars can be inserted to loosen the charge. Above these again 
is another row of holes i for the same purpose. These holes are all placed so close together that 


1532. 1834. 


WUMMSIEE: 


COLLIE, 


By 
> 
; ’ 


BK x RRR 


AS 
8 
SS 


hye SS y 


\ 





1533 iy Ly 
Yj 


. , " 
. b 
x ie y 
aN 
& 2 d 
. My, t, ty 
SS i 
y 5 y 
thy. A 
J “if 
= é 
oN (7 
S il: 
‘ ,, 
. , é 
ws Y ant, y 
Lb 
SSS bf 
~ 4 (gis 
: SE Eicwy 
‘ en AM 
> y re ee “ 
ay. ‘, 
~ YS Ms, 
. . Y CAP, 
q y ee ITER 
y wnt od 4 
Te .. 
SN Ma Be J 
fo CMTE 
1 Say AA a 
y ASR 
¥ ~ 
a SS % 
ANS 
p 
~ ~ } 
ms 
% Eo 
nS . 
SS : 
“ » 
hy 4, 












f ¢ YO 
ey Zs ne 


‘ 
. Na 
6 





fs TAKS vf 
“i Wy 






' 
1 
Sete cs 


the contents of tho kiln are as accessible at their level as below f. Abovetare several rows of 
holes & for observing the progress of the roasting. All apertures are provided with cast-iron doors. 
The doors of the draw-holes aro furnished with five small holes for the admission of air; these can 
be closed by means of slides when necessary. The top of the kiln is closed by a lid J, which is 
opened se rteataee by the small truck m as soon as ore is raised to the top. m runs between two 
cast-iron pipes x, which communicate with the kiln, and are surmounted by the cast-iron case 0. 
Upon o is fixed a chimney p, the draught through which can be regulated by the damper gq. 
es Westman’s kiln is built without chimney, the top being left open like the Tenninge 
_ The shortness of the space between the draw-holes and the aperturos is of the greatest 
importance in working ores which require a clinkering heat. When the charge is not acocasible in 
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the immediate neighbourhood of the source of heat, it is very liable to cake in such a manner as 
to stop the working of the kiln. Although in Westman’s kiln the grvatest heat is at the sides, 
similar to the Tenninge construction, yet the cone of badly-roasted ore in tho centre is much 
smaller, as may be seen from the dotted lines Fig. 1533. The heat has more access to the ore, 
so that the calcining takes place more uniformly. In breaking down the ore from the holes above 
the gns inlets the centre cone 
can be allowed to remain, s0 
that the proportion of imper- 
fectly roasted ore is reduced to 
® minimum. One disadvan- 
tage of the proximity of the 
gas inlets to the draw-holes is 
the necessity of drawing the 
ore while still hot. A con- 
siderable amount of heat is 
thus lost, which is utilized in 
the Tenninge kiln to heat the 
air necessary for combustion. 
The great number of observa- 
tion holes facilitates the break- 
ing up of clinkered masses of 
ore to such an extent that 
there is no danger of stoppage 
from this source. It is, how- 
ever, advisable to reduce the 
number of these holes as much 
us isconsistent with efficiency, 
hecause there is a considerable 
loss of heat from radiation 
through the cast-iron doors. 
With some ores, which are not 
required to clinker during 
calcination, the upper series of 
apertures muy be omitted or 
their number reducd. The 
girders upon which the ore ; ; 
rests are sometimes made hollow, so that they may be cooled by air circulating through them. 
he number of draw-holes may vary from five to eight; for each draw-hole there are two gas 
inlets. The average production of a Westman kiln is about 4} tons in 24 hours for each draw-hole. 
Although the size of the kiln may be increased where a large quantity of ore is to be roasted, yet 
there is no advantage in going be- 1536 

yond eight draw-holes, because the 
materia) in the centre would be im- 
perfectly calcined were the diameter 
of the kiln too great. In working 
Westman’s kiln, several precautions 
must be taken. In the first place, 
all hollow spaces in the charge must 
be avoided as much as possible. The 
roasted ore should be withdrawn 
regularly, so that the superincum- 
bent portions can settle down gradu- 
ally. If this were not attended to, 
sume parts of the ore would be more 
calcined than others. The ore 
which lies at the bottom of the draw- 
hole is first removed with the help 
of an iron rake. A further quantity 
is then broken down by another 
workman stationed at the openings 
above the draw-hole. Where the 
ore ig much clinkered during cal- 
cination three men may be neces- 
sary ; but two are usually sufficient. 
In breaking down the ore, care 
should be taken that it does not fall 
in very large lumps, these being 
difficult to remove from the girders. 
As s00n as sufficient ore has been 
withdrawn the upper part of the charge is brought down by means of bars applied through the upper 
openings. 

The waste gas produced by the blast furnace is very variable in composition. The ratio of the 
carbonic acid to the carbonic oxide may oscillate between 1°3 and 0-35 by weight. The greater 
the proportion of carbonic acid, the more perfect has been the utilization of the fuel in the blast 
furnace ; but the worse for heating purposes is the gas produced. In the combustion of the gas 
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an excess of either carbonic acid or air is injurious, as they would absorb heat, without aiding in 
the production of it. As, however, the heat must be oxidizing, a certain excess of air is requisite 
in Westman’s kiln. The gas enters witha slight pressure, which may equal a column of about 3 in. 
of water. The appearance of the flame as it enters the kiln is a nee | indication whether the supply 
of air is sufficient or not. The farther the flame penetrates into the kiln, the more air is passing 
through ; but if it tries to escape outwards, it is a sign of a block in the kiln. It might, at first 
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sight, appear that the heat would be greatest where the gas comes info contact with the ore; but it 
is found in practice that this is not the case; but that the highest temperature prevails at a» more 
elevated point, where the gas becofnes mixed with sufficient air to ensure perfect combustion. The 
Jese draught there is in the kiln, the lower will be the zone of heat, and the darker will be the 
appearance of the ore when examined through the apertures adjoining the gas inlets. If, however, 
roasted ore bas just been withdrawn from the kilu the heat of the ore opposite the gas inlets will 
appear greater then if examined some time afterwards. It is of great importance to maintain the 
dimensions of the roasting zone, or annular apace of maximum heat, constant. Variations may 
take plauco cither in a vertical or horizuntal direction. The chief causes which tend to increase 
the height of the roasting zone are: Increasing the draught in the kiln by opening the damper ; 
coarser ore; a shorter colunm of ore; a higher temperature in the upper part of the kiln ; colder 
wenther; and, finally, the addition of ecnal slack, provided it burns in the upper part of the kiln. 
Diminishing the amount of ore drawn also tends to raise the roasting zone. The zone of greatest 
heat will sink when the contrary of the above conditions prevuils, also When the ores clinker easily, 
or when they contain a lurge proportion of. pyrites. In the latter case, the sulphur of the pyrites 
acts as fuel, increasing the temperature in the interior of the charge. The horizontal thickness 
of the roasting zone can be altered by the method of breaking away the ore with bars. IZf the bars 
are worked as far as the centre cone the zone will attain its greatest thickness; if only a small 
portion of the clinkered ore be broken away, then the zone will become narrower. Each kind of 
ore requires a different thickness of roasting zone. Once this thickness las become altcred, it is 
Jiable to still further change, so that the amount of ore badly roasted may be very considerable, 
When the draught in the kiln is too great the temperature of the ore opposite the gas inlets will be 
low, and an inexperienced workman, finding the ore cool at the draw-holes, is apt to think that it 
ia insufficiently roasted, and to cease drawing. This will, however, only increase the temperature in 
the upper part of the kiln, and aggravate the error instead of remedying it. In such a case the 
ore may clinker in the upper part of the kiln to so great an extent that it cannot be brought 
down. The gus must then be turned off and, as soon as the clinkered ore begins to cool, it will tall 
to picces. 

YA good chimney provided with a valve or damper is essential in working the kiln. Where a 
chimney is absent, the size of the lumps of ore is the only means of regulating the draught, and 
even with a chimney it is necessary to take this into account. Various minor causes mey affect 
the dranght, and these can only be counterncted effectually with the help of a chimney. For 
instunce, the draught is usually greater during the night than in the daytime, owing to the 
reduced temperature of the atmosphere. In some cases, the blast furnace may not supply a 
sufficient quantity of gas. When this happens, the roasting zone becomes so narrow that the ore 
will not clinker. An addition of coal slack then becomes necessary in the proportion of 1 part of 
coal to 8 or 12 parts of ore. Ores which are very easily fused, and contain at the same time a 
considerable quantity of pyrites, may require a second roasting before they are sufficiently free 
from sulphur. When mucl lime is present in the ore, the depth of the roasting zone must be 
diminished as much as possible. In order to produce a certain quantity of ore in a given time two 
methods are available. Either large quantities of ore can be drawn at lung intervals or small 
quantities at short intervals. The time between each drawing may therefore vary between 1 and 
24 hours. Much depends upon the character of the ore to be calcined. In general, the greater 
the heat to which the charge is subjected, the more frequently must portions of it be withdrawn, 
while ores which do not require a clinkering heat may be taken out in larger quantities. It must 
be remembered that each time ore is removed the roasting zone sinks a proportionute distance. It 
then rises again gradually until the operation is repeated. 

Should auy change become necessary in the character of the ore to be roasted, it must take 
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place gradually by adding little by little portions of the new ore. If the temperature required for 
the calcination of the new ore be different, the supply of gas and the draught must be regulateri 
as the character of the charge changes. ‘The roasting of mixed ores requires :reat care; those of 
a calcareous nature must not be mixed with others whose gangue is siliceous, especially if the latter 
be rich in pyrites. The mixing takes place in the kiln itself, by tipping in a certain number of 
truck-loads of each kind of ore. The whole of the ore should not be tipped into the same spot in 
the kiln, because the finer particles would remain at the place where they fell, while the larger 
pieces would roll towards the sides of the kiln. Very fine core has such an influence upon the 
calcination that the greatest care must be bestowed upon its uniform distribution. When the ore 
is very dusty, the finer portions have a tendency to fall through between the lumps in such a way 
that they may arrive at the draw-holes before they are sufficiently calcined. If, therefore, vory 
fine ore he tipped on one side of the kiln, the roasting zone will become depressed on that side, 
nor cun any increase of draught prevent this from occurring. The only remedy is to draw more 
ore on the opposite side. 

In setting fire to a Westman’s kiln for the first time, some preliminary steps are necessary. 
The gas inlets and other openings are filled with firewood, to prevent injury tou the corners from 
the falling ore. The bottom of the kiln is covered with a layer of ore 2 ft. to 3 ft. deep. Upon 
this the ore is then tipped, with a small proportion of coal slack. Sometimes it becomes necessary 
to set fire toa kiln which is already charged with ore. In such a case the best plan is to insert 
firewood through the gas inlets and other apertures. The combustion of this wood will then 
produce sufticient draught in the kiln to permit the operation to be conducted in the ordinary 
munner. The ore which is drawn out at first is necessarily imperfectly ronsted. It should 
be allowed to cool before returning to the kiln, for if it were introduced warm into the 
upper space the draught would be increased and the roasting zone would consequently rise. 
Where there is any choice of ore, that which clinkers most casily should be selected for starting 
the kiln. 

Even with the most perfect calcining kiln, portions of the ore will sometimes pass through 
imperfectly roasted. With 
many kinds of ores this is 
not of great importance: but 
where the raw material con- 
tains a considerable propor- 
tion of sulphur, the badly 
ruasted pieces must be picked 
vut by hand and returned to 
the kiln. Should the whoe 
eontents of the kiln be in- 
sufficiently roasted, it may 
sometimes become necessary 
to pick out the clinkered picees and to calcine 
the residue again. 

The blast furnaces of the hamatite district 
are much the same as those at work in Cleveland, 
but the appliances for working them are not 
usually quite so good. Those at work at Barrow 
may be tuken as a fair type of most haematite 
furnaces as to size and capacity; they are about 
55 ft. high and 16 ft. diameter at the boshes, 
having a capacity of about 9000-10,000 cubic ft. 
The turnaces ut the Furness Iron and Steel 
Works, Askam, are 67 ft. high and 19 ft. diameter 
at the boshes, tapering to 18 ft. below the gas 
outlet, Figs. 1540 to 1542; and they have a 
capacity of 13,100 cubic ft., which is stated to be 
greater than that of any other hamatite furnaces 
at present working. The various attempts which 
have been made to work larger furnaces for 
hematite ores do not seem to have been attended 
with such success as to justify the erection of 
others; and in one or two instances where fur- 
naces of 75 ft. height have been erected, the re- 
sults obtained have been to unsatisfactory that 
the furnaces have been blown out and the height 
diminished to 55 or 60 ft. The Askam furnaces 
of 67 ft. height did not work well for some 
time when they were first blown in; the cause reaper 
of dae bad working was attributed to the ..... A,%. ppd « Ae Jobs es 
smallness of the charging bells in proportion to % - 29 L62000 Gb GY LG EEL EES 
the width of the fire and eohneauently Woe Dteevd EY, LE MOEWEITEE 
larger bells were substituted. These furnaces wy 6 t ji 
work with great regularity, each precucing mug 
ser Pig 400-460 tons of iron, # large proportion being of a quality suitable for Bessemer 

The general form of these furnaces is shown in Figs. 1539 to 1541, and the principal dimensions 
are as follows ;— 
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Heating surface 
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Area of blast inlet .. Pe 
Pressure of blast at engine... 
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Area of gas outlet... .. le. 
Diameter of charging bell 
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5500 square ft. 
6 

75 square in. 
3 lb. 

2 lb. 


. 18 square ft. 


12 ft. 6 in. 
400-460 tons. 


The arrangement of furnace top shown in Fig. 1542, or some modification of it, is usually 
adopted where the gas from open-topped hematite furnaces is utilized, the gas being taken off 
through a series of openings round the furnace throat, which is contracted in diameter more 
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abruptly at that part. This construction 
is found to answer the purpose of dis- 
tributing the materials very fairly, and at 
the same time of taking off a large propor- 
tion of the gus to the stoves and boilers, but 
it can only be looked upon as a compromise. 
A semi-closed top is used at the Barrow 
furnaces, in which the gas is taken off 
through a central gas tube as well as 
through openings round the furnace throat. 
Of the materials used in the production of 
hematite iron the principal is the hematite 
ore, found in North Laucashire and Cum- 
berland, which occurs in two varieties, 
one hard, compact, and almost free from 
moisture, and the other soft and wet. The 
hard ore is almost invariably used in the 
production of hematite pig iron, and is 
therefore called blast ore; while the softer 
quality is used for fettling puddling furnaces, 
and is called puddling ore. The blast ore 
of Whitehaven and Furness doves not differ 
much in quality, both districts yielding good 
and bad varieties; but the best Whitchaven 


ores are richer in iron than the best Furness ores. 
contain about 45 per cent. of metallic iron, while the better 


In Furness the poorer blast ores usually 
unlities run up'to 57, and in some 


cases 60 por cont.; in Whitehaven the poorer ores contain about 50 per cent. of metallic iron, 
and the best run up to 60 or 65 per cent. ; but the average percentage of iron in the ores used in 


both districts is probably between 57 and 60 


per cen 


nt. 
In this ore the principal impurity is silica ; and uulike the Cleveland and most other ores, it docs 
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not contain any alumina. It is therefore thought desirable at many places to mix it with aluminous 
ores, for the pur of producing a better slag, and also in order to obtain greater regularity in the 
working of the furnace. The addition of these alumiuous ores also gives the means of controlling 
in some measure the percentage of silica in the iron. ; : 

The aluminous ores are also obtained from Ireland, and are so readily accessible that they can 
be had at a reasonable cost. Three principal varieties of Irish ores are used in the manufacture of 
hematite iron, and these are fairly represented by the three ores known as lithomarge, red 
aluminous iron ore, and black nodular iron ore. The accompanying table shows their respective 
composition ;— 


ANALYsIs OF ALUmtinovs Iron ORES. 




















| Black Nodular 
: Red Aluminous / 
| Lithomarge. | Ore from Larne. Red Baye 
| per cent, per cent. per cent. 
y i | 30°70 11°25 6°00 
Alumina... .. ¢. fo 27°05 | 35°61 20°37 
| Titanie acid trace trace 0°75 | 
Peroxide of iron 25°05 | 34°65 71°63 
Protoxide of iron trace none 0°68 
' Muaynesia and lime 1°11 traco trace | 
Wuter of combination 15°85 16°30 1°15 
99°76 97°81 | 100°58 
Percentage of metallic iron... | =: 17°53 | BEDS 50°67 


From this it will be seen that the proportion of alumina to silica in the lithomarge is about in equal 
quantities, being 27 and 30 per cent., while in the aluminous ore from Larne, and the black nodular 
from Red Bay it is about 3-1; the red variety containing about 35 per cent. of alumina aguinst 
20 per cent. in the black nodular. 

The lithomarge has been longest in use, and is preferred at some works; but some believe the 
other two varieties to be better fur most purposes, because the percentaze of gilica in the lithomurge 
is so high in proportion to the alumina that a very large quantity of the ore must be uscd to produce 
any appreciable difference in the, composition of the slag, and in the smelting of the materials in 
the furnace. A still more scrious objection to the lithomarge is the high percentage of moisture 
it contains, which must have a very injurious effect in cooling the cscaping gases of the furnace, 
and thus increasing the consumption of fuel a ton of iron. In addition, morcover, to containing 
water of combination, lithomarge has a great attraction for moisture, and gencrally contains from 
5-10 per cent. of hygroscopic water, which has also to be vaporized and raised to the temperature 
of the escaping gases; and if to this be added the coke requisite for melting 4 cwt. of material 
which can scarcely be called iron, the total loss of fuel amounts to at least 3 cwt. of coke to the ton 
of iron made; meaning a reduced make, and therefore an increased cost not fully represented by the 
increased consumption of coke alone. 

The red aluminous ore has also the disadvantage of cuntaining usually about 15 or 16 per cent. 
of moisture; not only causing a waste of fuel, ay in the case of the lithomarge, but the red ore 
having also a tendency to fall to powder, the contained moisture cuuses it then to assume a pasty 
condition, which leads to bad distribution of the materials in the furnace, and the ore is thus 
mechanically objectionable. The black nodular ore from Red Bay is free from the objection of 
containing combined water, and owing to the compact character of the nodules it dovs not so readily 
absorb muisture as either lithomarge or red aluminous ore; and ag it contains a high percentage 
of iron, amounting to as much as 50 per cent. of metallic iron, with a large exceas of alumina over 
silica, the proportions of the two being 20 and 6 per cent. respectively, it affords the means of 
neutralizing the effect of the silica in the hwmatite ore, without increasing the consumption of fuel 
a ton of iron made, or diminishing the make of the furnace. 

The hematite ore being found in a limestone formation and worked in the district, there is a 
plentiful supply of good and cheap limestune. That used at Askam is obtained from a neighbouring 
quarry at Stainton, and has the following composition ;— 


ANALYSIS OF STAINTON LIMESTONE. 
Carbonate of lime 95°00 per cent. 





Carbonate of magnesia oo fe 28 ee 4°20, 
PUICAiiee. as. ia: Bw. eS 0°50 5 
Oxide of iron, and alumina 0°30 4s 

100-00 ss 


‘ The coke used in the Furness district is almost entirely obtained from the Dur} 
and is usually of the very best quality. The average composition of tho coke ated at Fee pie 
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. ANALYsIs OF DurHam COKE. 
Sulphur... ww we swe we ws we =  0°70 per cent. 
Ash oe ee ee es ee ea oe oe oe 5-00 


' 


Moisture and loss...) ..  .. wwe we (tC IB ii 
Carbon by difference ii? ak Se ae. see. (OB "38 i. 
100-00 3 





In working a material so difficult to deal with as the hematite ore, the first and most important 
point to be attended to is the proper distribution of the materials in the furnace. In the open- 
topped and semi-closed furnaces this is easily done by keeping the furnace always full to the same 
height, and putting in small churges in regular rotation. the case of close-topped furnaces 
the same object is accomplished, cither by taking care to have the charging bell properly propor- 
tioned to the diameter of the furnace, or else by gauging at frequent intervals with an iron rod, 
in order to make sure that the materials shall never Fe above or below the height which has 
been proved by experience to give the most satisfactory results, The gauging must be done not 
only at one but at various points round the circumference of the furnace, as it is fuund that there is 
a tendency at times to drive unequally on different sides; and‘this may be counteracted by 
regulating the supply of blast by means of a valve fixed to each tuyere. It is also necessary to 
prevent the ore being charged in too large pieces; otherwise it is found excessively difficult, owing 
to the compact nature of the ore, to ensure its perfect reduction before it reaches the part of the 
furnace at which it is melted. 

A further difficulty is mct with in keeping the tuyere breasts good, as any fretting at these 
places leads to the necessity for changing the tuyeres, and consequently occasions irregularity of 
working in the furnace. To obviate this as much as possible, the construction of tuyere and tuyere- 
breasts shown in Figs. 1543, 1544, has been 
adopted at Furness, consisting of a close double 1543, 
coil of water pipe; the large outer coil A A is 
14 inches diameter and of the depth of the 
tuyere-breast, and in the centre of it the tuyere 
B is packed with clay CC; in the event of the 
tuycre lonking, it can then be casily removed by 
tuking out the clay, and another tuyere can be 
substituted, the whole process of changing the 
tuyere occupying only from ten to fifteen 
minutes. As nothing interferes so much with 
the regularity of working of a blast furnace as 
trouble with the tuycre-breasts and changing 
the tuyeres, this plan has proved to be of consider- 
able value in removing those sources of difficulty. 

The result of the working of the Askam 
No. 2 furnace, of 67 ft. height, 19 ft. diameter, 
and 13,100 cub. ft. capacity, has been found to be 
@ consumption of 22% cwt. of coke a ton of i1on 
made when working on Bessemer iron and 
using the Askam ore mixed with about 10 per 
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cent. of black nodular ironstone, known as Fisher’s Red Bay ore, and fluxed with 9} owt. of lime- 
stone a ton of iron made. The ner temperature of the blast during a considerable period of 
observation was 934° F., and that of the escaping gascs at the furnace top about 712° F. 
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The composition of the escaping gases has been found by analysis after drying them to be as 
follows, at a time when the temperature was 782° F., and that of the blast 968° ;— 


ANALYSIS OF Escapinac GaAsES FROM ASKAM Buast FURNACE. 








By Weight. 





By Volume. 












per cent. per cent. 
Nitrogen .. 6.00 6s es es 54°51 §2°59 
Carbonic oxide ba 84-97 83-80 
Carbonic acid .. 8°36 13°47 
Hydrogen 2-16 0°14 





| 100-00 | — 100-00 





The weight of the escaping gases is 120 cwt. to the ton of iron made, and the quantity of heat 
earried off by them when escaping at the temperature of 732° F. amounts consequently to 
22,669 F.-cwt.-units, one such unit being the quantity of heat Ps Nas dige to raise 1 cwt. of water 
through 1 degree of temperature F. The weight of blast supplied to the furnace is 82} cwt. to 
the ton of iron made, which at the temperature of 968° F. introduces into the furnace 19,176 units 
of heat ; this is in the proportion of about 85 per cent. of the heut that is curried off by the escaping 

Bes, 

The total quantity of heat produced in the Askam furnace by the combustion of the coke 
and by the blast amounts to 150,000 cwt.-units a ton of iron made, of which 40 per cent. is 
absorbed in the actual reduction of the iron from the ore, and 15 per cent. is carried off in tho 
escaping gases, the remaindcr beiny accounted for by the other operations taking place within the 
furnace. 

The composition of the Bessemer and forge iron made in the furnace, and also of the slag, 
is given in the following tables ;— 


ANALYsIs OF ASKAM HamaTITE Pia Iron. 


No. 1 No. 3 No 4 


Bessemer Iron. Bessemer Iron. : Forge Tron. 
r cent, per cent. . ‘r cent 
, Carbon, uncombined .. .. . P3928 3°377 PO “719 
» combined... .. . 0°109 0° 469 1-222 
Silicon... 0.2 6k eee 2-640 2° 494 1°608 
_ Aluminium... ....... trace trace trace 
i Manganese .. .. .... 0°093 0°021 | 0-021 
‘Calelum «ww eee, 0°021 0° 050 0-074 
Magnesiam.. .. «2. | trace trace trace 
; Sulphur ae a ee ie 0-004 0-004 0°031 
Phosphorus... .. ..  .. ! 0°014 0-010 0-O16 
Iron eS ae ee es 93°191 93-645 94°30 
100-000 100-000 ‘300-000 


ANALYs!I8 OF SLAG FRoM ASKAM BLast FUrnace, 


Bilica .. 0 6. ee eee ee ne we we) 38°00 per cont. 
Alumina .. «ww we eee ewe 10 00) 
Lime cc ck: Ge, HS. as, ee ae es SIO 
Mougnesia ..  .. 0 6. wk cee is 1°65 es 
Sulphuret of calcium eT a ere he of 
Protoxide ofiron .. .. 2. wg aw eS 2° 08 
Potash a a ee ee ee ee ee 1°60 
Protoxide of manganese ..  .. 0... 05. wt 
Soda and loss ..0 2... wk ewe nS 2098 


100:00 sy, 


93 








The quantity of coke used, 222 ewt. to the ton of iron made, is tho result obtained in making 
Bessemer iron, which requires a specially high intensity of heat. The same f urnace making forge 
iron would work well with ubout 2 ewt. less coke to the ton of iron; and the temperature of the 
esca ing, gases has been found to be much lower when this quality of iron is being intentionally 
produced. 

With regard to the opinion that the capacity of the ordinary blast furnace can be increased 
materially by increasing the height. I. L. Bell, in his * Researches on the Chemical Phenomena of 
the Blast Furnace,’ arrives at the following conclusions i— 

Two great improvements in the mnelting of iron were considered by Bell, namely, the use of 
heated air, and the increase of size in furnace. In point of reputation, the hot blast oocupics by 
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far the more important position ; but it will be seen from what has preceded that in point of real 
merit, so far as economizing fuel is concerned, Neilson’s discovery is not entitled to this distinction, 
which is one it has acquired from priority of introduction, and from a supposed virtue believed to 
be the peculiar property of heated air. 

These observations are at present limited in their application to the stage to which Bell’s inquiry 
has been brought, which consists in having proved that, in the matter of fuel consumption, a 71-ft. 
cold-blast furnace performs as perfectly as one driven with heated air, having an altitude of 53 ft. 
The 53-ft. hot-blast furnace, it is true, turns out a larger make of iron than that blown with cold air, 
probably 200 tons s week against 120 tons, but on the other hand, the latter, without any apparatus 
to maintain or fuel to expend for heating the air, is able to do its work as efficiently, in point of 
sa ost aronth in the furnace, as the other, assisted by the more complicated appendage suggested 

eilaon. 

It now remains to consider the prospect there is of constructing a furnace so large as to dispense 
altogether with the use of hot air, without a sacrifice of fuel used in the furnace itself; afterwards 
to examine the effect of uniting the benefit derived from a high temperature of blast with that 
obtained by enlarged capacity; and then to test the belief expressed by many smelters that the 
blast cannot be made too hot for economical purposes, and that real progress in iron smelting 
must henceforth be looked for chiefly in thut direction. 

The first portion of this inquiry has been already answered in showing that 254 cwt. of coke are 
capable of evulving 93,000 cwt. heat units, the estimated number of units required for producing a 
ton of pig iron from an ore yielding 40 per cent. of cold blast for 274 cwt. of eoke; and forge irun, 
in 1884, according to Dufrénoy, was smelted in France with 25 cwt. before the use of hot air was 
suggested by Neilson. 

This reduction of 124 cwt. was, at Lilleshall, effected upon an ore only requiring, in a 53-ft. 
furnace, 40 cwt. of this combustible. Whether it would be possible to force the air conveniently 
through a column of material so high as to be able to produce a ton of pig iron from black-band 
with 25 to 273 cwt. of coke with cold blast is a question which would demand consideration. This 
doubt arises from the circumstance that this variety of ironstone, parting with its oxygen so 
slowly, consumed in a low furnace 60 cwt. of coke a ton of metal, and would therefore obviously 
demand a much larger addition to its capacity to bring its coefficients of fusion and reduction into 
harmony with each other, than an ore only taking 40 cwt. to smelt it under the same conditions as 
to temperature of biast. 

There remains to be considcred, a furnace sufficiently large to enable the ascending gases to 
divest themsclves of their senzible heat, and to become saturated with oxygen, both operations, it 
will be assumed, being effected to the extent permitted by the nature of the process. Suppose, 
now, into auch a furnace, instead of cold air, the blast was admitted at a temperature of 485° C. 
(905° F.), the same effect in point of increase of intensity would follow as happened when the blast 
was changed from cold to hot in the lesser furnace, and some of the extraordinary consequences 
supposed to be due to this additional intensity of heat in the hearth should manifest themeelves, if 
the valuc of the hot blast were dependent thereon. Such, however, is not the fact ; for the furnace, 
having now sufficient capacity to permit the two functions of fusion and reduction to proceed, in 
point of time in unison with each other, instead of one heat unit in the blast doing the work of 
three or four previously evolved by the fucl, each unit of heat thrown in with the air does no 
more duty than one unit produced by the combustion of coke in the inside of the furnace. 

There is no doubt with combustible matter of the same commercial value, it would be much simpler 
to ubtain the necessary heat by the direct action of the blast on the fuel in the hearth of the fur- 
nace. Inasmuch, however, as the air is now heated by the escaping gases, or by coal of little 
worth, there is, in spite of the law just enunciated, a notable advantage in the source of heat ren- 
dered available by Neilson’s inventicn. The question, therefore, which presents itself is the extent 
to which it can be substituted for that generated by tle more expensive description of fuel used 
in the furnace itself. 

I'he chemical laws relative to this, which regulate the power of carbonic oxide to deoxidize an 
ore of iron in presence of a gas having ao contrary tendency, such as carbonic acid, impose a limit 
to the substitution of mere heat for heat accompanied by the carbonic oxide, the generation of which 
served as ita source. The quantity of carbonic acid due to the reduction and carbon-impregnation of 
an ore of iron is that represented by 6°58 cwt. of carbon for each ton of metal. It muy be assumed 
that, if the volume of carbonic are | materially exceeds 45 volumes to 100 volumes of the lower oxide 
of carbon, reduction is nearly suspended. In pructico, however, it may be regarded as difficult, if 
not impoasible, to saturate tho gases with oxygen to an extent even to obtain this relation between 
the two oxides of carbon, owing to the slowneas of the operation. Asa rule, when the gases contain 
fur 100 volumes of carbonic oxide 40 volumes of carbonic acid, it may be assumed that the process 
approaches the oxtreme limit to which, in treating the ironstone of Cleveland, it can be carried. 

hen the gases have absorbed a quantity of oxyyon sulficient to establish the relations just men- 
tioned, the weight of carbon consumed will be thut represented by 21 to 214 cwt. of good Durham 
coke. When this quantity of such coke is burnt to the condition of oxides in the proportions men- 
tioned, the heat evalved is not sufticient to discharge the demand made upon it in smelting a ton 
of iron from Cleveland stone; and the deficiency is exactly represented by the quent of heat 
usually contained in the blast at any well-appointed furnace on the banks of the Tees. In other 
words, if 254 cwt. of coke, burnt under favourable conditions, can smelt a ton of iron with cold air, 
4 owt. of such coke can be saved if into the furnace a quantity of heat can be introduced with the 
blast representing 4 owt. in question. : ; : 

Supposing, however, that instead of being content with the blast being heated just enough to 
afford an econony of 4 ewt., which would be about 905° F., its temperature is raised, say to 1472° F. 
Thia addition to the heat resources of the furnace will immediately be felt all over its contents ; 
and as soon as it reaches the zone of reduction, where the tomperature is such that the carbonic 
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acid therein generated is inert on carbon, this condition of things experiences a complete change, and 
the superheated carbonic acid now dissolves coke, which is productive of logs, both from the cooling 
effect of the reaction and from the actual diminution of fue arriving for combustion at the tuycres. 

Bell has proved this by repeated onal yeee and he has invariably found, that just as any ex- 
cessive quantity of heat was injected into the furnace with the air it received, so did there disappear 
@ quantity of carbonic acid from the gases, corresponding exactly with the needlessly high tem- 

ture conferred upon the blast. 

The solvent power, as it were, of the gases over oxygen having reached its limit when 80 per 
cent, of the reducing carbonic oxide has passed into the higher state of oxidation, is a barrier to 
further economy, because reduction then practically ceases. If, however, roference is made to-the 
table of heat fc gee tang in Bell’s work, it will be perceived there is a loss of nearly one-tenth 
of that evolved by the sensible heat carried off in the escaping gases. Appreciablo as this is, 
it is less by one-half from a furnace of 12,000 cubic feet than it was from one of 6000 cubic feet. 

Spiegeleisen is a pig metal which breaks into mirror-like facets, and was formerly produced by 
charcoal out of manganiferous iron ores, its singular peculiarity being due to the presence of 
10 to 12 per cent. of manganese, on which the Bessemer process depends for its success. The hot- 
blast furnaces formerly employed in Germany for the production of this vuriety of iron were of 
small outlines, but always in working condition. The stacks of the well-known Miisen Stalbeurg 
Ironworks, and others in that vicinity, were thus built ;—Total height of furnace, 35 ft.; height 
of tuyeres above bottom, I ft. 3in.; height of hearth, 5 ft.; height of boshes, 9 ft. 5 in. ; diameter 
of tunnel head, 8 ft.; diameter of boshes, 9 ft. ; diameter of upper part of hearth, 2 ft. 8 in.; 
diameter of lower ee of hearth, 1 ft. }1 in. They were worked with hot-blast air at about 800° 
to 480° F., the air being forced into the furnace through two tuyeres of 24 to 23 in. diameter, ata 
pressure of 1} to 1} 1b. a square inch. The average consumption of charcoal to the 100 Ib. pig 
metal was about 118 Ib. to 120 lb.; the average daily production during the year, about 4} tons. 
In the piactical working of the furnace the spathic ores yicldcd about 38 to 30 per cent. of iron. 
But on account of the devastation of the forests, and of the scarcity of hard wood suitable for 
conversion ino good charcoal, this fuel, soon after 1859, proved insufficient to produce the 
spiegeleisen wanted, and it became necessary to replace the charcoal by coke. 

In Rhenish Prussia there are a nmmber of blast furnaces, each producing daily some 30 tons 
of this valuable and peculiar pig metal. The iron ores used are of four different kinds ;— 

Red hematite, a very pure ore from the beds cxisting on the Lahn, a large tributary of the Rhine 
at Nassau. Of this ore there are two varieties, a barder and compact mineral associated with 
a calcareous gangue, and a softer and pulverulent hematite. Both varieties are entirely free from 
sulphur and phosphorus, containing from 3 to 4 per cent. of manganese, a small percentage of 
alumina, water, and silica. The pregence of carbonate of lime in the body of the compact ore 
gives it a peculiar character, and renders it eminently fitted for mixing with other siliceous ores. 
there being in the ore 50 per cent. of iron and from 10 to 15 per cent. of carbonate of lime. This 
ore ig very economic in smelting, owing to the presence of lime flux in the most favourable 
conditions. The soft, pulverent ore is richer, yiclding 55 to 58 per cent. of metallic iron in the 
practical working of the furnace. Both kinds are easily reduced. 

The products from decomposition of the specular ore, of similar favourable constitution, and 
equally free from obnoxious mixtnre. It contains some water chemically combined (2Fc,0,,3HO) 
prt ele in structure, yiclds about 50 to 54 per ceut. of iron, and is more easily reduced than any 
other ore. 

Excellent spathic iron ore from the vicinity of Miisen, in which a certain proportional part 
of the iron, from 8 to 14 per cent., is replaced by munganese. All the spathic ores (FeO,CO,) 
contain a trace of sulphur, and therefore require calcination. The calcination is effected in kilns 
Figs. 1545, 1546. In these roasting furnaces, by distributing it in alternate Jayers with waste 
coal, the ore is rendered porous, and easily broken into small picces, whereby it is more casily 
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acted upon in the smelting furnace. The chemical constitution of the ore in tl i 
MnO,CO, + 4Fe0,CO, = oxide of iron 49°01; oxide of manganese, 12°43, acini ole goying 
a Seatte “ss iron speen Ei id rae of metallic iron. By the calcining process the ore is 
sanged into, sesquioxide o n, ; representing 56° ic j moniori 
Saanamo at 1 tah een » rep g 56°78 metallic iron, and scsquioxide of 
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An aluminous ore is used for admixture with the others to make a liquid slag. These deposits 
of Be pal from 80 to 100 miles distant from the works, and are easily accessible by navigation 
and by rail. 

The flux used is a very pure carbonate of lime, the constituents of which are, carbonate of 
lime, 98°00; silica, 1°50; 3 (chirp dae water, 0°50. As a reducing agent coke is used, the 
bituminous coals being purified prior to their erpuce to the blast furnaces. The coals are from 
the vicinity of the ironworks, and the ores are brought thither, for it is always cheaper to bring 
the iron ores to the coal than the coal to the ores. They contain a good deal of slate, and from 
5 to 1 per cent. of sulphur, and to eliminate these noxious adherents they are subjected to a very 
careful process of grinding to the size of a hazel nut, and separating by means of water. Having 
been subjected to this process, the coals are coked in close furnaces, Figs. 1545, 1546, the charge of 
each furnace consisting of 120 bushels, covering the bottom of the furnace toa height of 18 or 20 in. 
The coking process lasts thirty-six hours, and furnishes from 57 to 60 per cent. of coke by weight, 
of porous cellular character sufficiently firm to hold up the burden of the furnace, and containing 
8 to 10 per cent. of ashes of a reddish-white or giey colour. The volatile carbonic matter of the 
coals, after having been used to heat the partitions and floors of the coking furnaces, are sufficient 
to heat the steam boilers. The air blast is supplied by two 80-horse horizontal engines, maintain- 
ing four blast furnaces, and one vertical 100-horse engine for fifth furnace and for reserve. The 
blast is rerulated by being passed through a reservoir 200 ft. long and 6 ft. diameter = 4654 cub. ft. 
The principal dimensions of the horizontal engines are—diameter steam cylinder, 3 ft. 8 in.: 
diameter blust air cylinder, 7 ft. G in.; length of steam cylinder, 6 ft.; each revolution of the 
fly-wheel would therefore give 1060 cub. ft. only; 18 or 19 revolutions a minute, allowing 
12 per cent. for Juss by leakage, 16,800 cub. ft. The vertical engine has—diameter of steam 
cylinder, 3 ft. 3 in.; length of cylinder, 7 ft. 9 in.; diameter of blast-air cylinder, 8 ft. By 
13 revolutions a minute there will be 18,000 cub. ft. of air, less 10 per cent. for leakage. Before 
being foreed into the furnace, the blast air is heated by means of the gases escaping from the 
mouth of the furnace and collected there by ineans of a special apparatus. It is found that two 
heating apparatus of the form Figs. 1547 to 1549 are sufficient to heat the blast air of each furnace. 
There are fifty-two pipes in each apparatus of the shape represented, each pipe being divided, 
by means of a partition, into two parts, so that the blast uir may ascend and descend in each. 
The latter are from 10 ft. to 12 ft. long, the surfuce exposed to the fire is 2429 sq. ft., and the cubic 
contents of the fifty-two pipes 460 cub. ft. . 

Tho dimensions of the blast furnaces Figs. 1550, 1551, there being two groups of stacks, are ;— 


DrmEnsions OF SPIFEGELEISEN FURNACES. 





No. 1. H No. 2. 
, ft. in. ft. in. 
. Height of furnace Se an es OE. 54.020 54 0 
: Diameter of tunnel head ..).. wwe 8 8 ov 6 
ov oy Doshes ae ne ne a 15 vp 15 By 
* » bearth,upperend ....  .... 4°69 3 112 
! a » ow  lowerend .. oo... 0.) .. 4 9 ! 2 10 
' Height of hearth ..00 6.006. wk ee 6 3 7 OR 
D  ngs’ :gp OBNGH. ee ges” esc. Gees War Re, “as it 9 | 10 33 
s » centro of tuyeres above bottom 2 5 ; 2 45 | 
‘ Inclination of the boshes, 50° i as a oe | 
Square contents of the mouth ..0 .. 0... AQ 0 72 0 
| _ re » boshes .. 0. 0... 180 0 Iss 0 ! 
| Cubic contents of the whole furnace aes 6396 0 » §910 O | 
| 
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The bottom and lower parts of the hearth, up to 3 ft. above the tuyeres, are built with pudding- 
stone from Marchin, in the Ardennes, Belgium; and for the upper-hcarth boshes and tunnel of the 
furnace, Ardennes fireclay bricks are used. It must be remembered that spiegeleisen is chemically 
composed of four parts iron with one part carbon Fe,C, and that the combination is only formed 
during the period of the smelting process which follows immediatcly after the deoxidation of the 
iron orcs. To fulfil the conditions under which this combination of iron and carbonic matter 
can take place, it is absolutely necessary that the mixture of ores and flux be of the moat fusible 
hature, so as to allow of the accumulation of the charge, in proportion to a fixed amount of coke, 
to such a degree that the smelting and separation of the iron from the slag occurs at a point as 
near as possible to the tuyeres. It is safe to say that this separation, when resulting at a higher 
place in the hearth, would give too great an opportunity for the carbonic acid gas to carry off 
some of the carbonic matter from the iron, changing itself into carbonic oxide, and reducing at the 
same time the constitution of the spicgeleisen, Fe,C, to a lowcr grade of carbonization. The tem- 
perature at which the ular iron melts is calculuted = 3582° F. It is therefore found necessary 
that the charges should be composed of red hematite, 30 per cent.; spathic ore, 38 per cent. ; 
decomposed brown ore, 20 per cent.; and aluminous ore, 12 per cent., yielding 40 to 50 per cent. 
metallic iron in the practical working of the blast furnace, and to create the needed fusible slag 
there was added from 82 to 40 per cent. of lime. Each charge consisted of 1860 Ib. coke, 2800 to 
8200 lb. of mixed ore, and 800 to 960 lb. of carbonate of lime. The furnace carries thirty-five to 
forty charges in the twonty-four hours, and Aaa an average of 60,000 lb., or 30 tons a day. 
For 1 ton of pig metal there was used 2 tons of iron ores, nearly 13 cwt. of fluxing materials, and 
1} ton of coke. The blaat air, with a temperature of 680° to 660° F., is forced into the furnace at a 


800 TRON. " 


pressure of 2} to 3 Ib. a sq. in. at the engine, and of 2°2 to 2°6 at the tuyeres. Out of the five 
ia hh Fig. 1551, two are on opposite sides and one at the rear of the furnace ; each one declined 
a few degrees from the centre of the hearth, so as to force the blast air into a kind of whirlwind, 
which is considered the best way of distributing the compreased air through the smelting and com- 


bustible mass. 
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The dimensions and shape of the tuyeres for the blast furnace vary greatly in different districts ; 
but until recently all the tuyeres in use, sinee the introduction of hot blast first necersitated a water 
tuyere, may he classed under two heads, the coiled tuycre and the water-jacketed tuyere. 

The coiled tuyere is generally made of a coil of wrought-iron tube imbedded in the sidea of a 
hollow cone of cast iron. Sometimes the coils are wound close ut the nose of the tuyere, in order 
more effectually to prevent the cast iron from burning: and sometimes the tuyere itself is formed 
entirely of a coil of tube, closely wound from end to end. This form of tuyere is illustrated) in 


Figs. 1552 to 1555, Figs. 1553 and 1555 showing the coil in section. 





The water-jacketcd tuycre is generally made of wrought iron, and consists of two conical tubes 
of different diameter, connected at each end by rings of wronght iron welded in, so forming a spree 
hetween the two concentric walls of the tuyere, which is filled with water supplied under pressure, 
and generally brought in through a feed-pipe at or near the bottom of the tuyere, and allowed to 
escape through a second pipe in the upper side. Figs. 1556 to 1559 are tuyeres of this deseription ; 
i 1557 the ordinary wrought-iron tuycre, and Fig. 1559 the gun-metal tuyere introduced by 
8) y: 


1556. 1557. 1558, 1559. 





A water-jacketed tuyere, Figs. 1560, 1561, is very much used on the continent of Europe : it 
is made. of wrought copper, the inner tube being brazed in, and a wrought-iron ring either brazed or 
riveted in at the rear end. 

_ Figs. 1562, 1563 are of the phosphor-bronze tuyere. These tuycres are generally fixe) in a cast- 
iron casing, beyond which east Wa into the furnace for the greater part of their length, and they 
are so arranged that they can be turned round in the cast-iron plate in order to expose a different 
side of the tuyere to the action of the materials in the furnace. Greater durability is claimed for 
phosphor-bronze than for -metal or copper, but each metal possesses the sume advantage of 
preventing the adherence of slag, scoria, or iron to the nozzle of the tuyere, which is the onl y object 
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tu be gained by the use of copper or its alloys in preference to iron. Additional precautions as to 
water supply have to be taken where such metal 1s used, as owing to the low temperature at which 
it meltg, a tuyere.may be more rapidly destruyed than an iron tuyere where any over-heating is 

ible; but under favourable conditions gun-metal, copper, and phosphor-bronzo tuyeres have all 


en found very durable, and the advantage gained by keeping the blast nozzle always clean and 
fully open is an important one. 


1660. 1561. 1562. 1563. 





Figs. 1564, 1565 are a modification of the wrought-iron wuter-jacketed tuycre, introduced by 
Hodgetts, in which the supply pipe is made to deliver its water round the nuse of the tuyere 
through a series of perforations, and the return water is made to How round the tuyere casing by « 
fillet pluced on the inner tube. This tuyere, like the ordinary water-jacketed tuyere, is close at the 
back, und is kept full of water. 


1566, 





The Open Spray Tuyere, invented by F. If. Lioyd of Wednesbury, to whose paper in the 
*‘Traus.’ I. M. EK. we are indebted for much of our information on this subject, is shown in 
oe 1567, 1568, with the blast pipe connected ; in the side view, Fig. 1566, the blast pipe is 

oken off. 

It consists of two concentric conical tubes, closed at the nozzle, but open at the rear end. The 
water supply is connected in the usual manner with a flexible hose, and various systems of spray 
pipes are uscd to suit various shapes of tuyeres und conditions of water supply. 

Althongh iron spray pipes are now extensively used, they are liuble tu rapid corrosion ; and the 
use of brass or copper pipes is found to be an improvement. A set-pin may be used, as at C, to 
prevent the spray pipes being accidentally displaced. It has been found advantageous to turn the 
nozzle of the tuycres in some cascs; by this means the adherence of scoria, or what is commonly 
at as ironing, is to a greut extent prevented, and the tuyeres are thereby rendered more 

urable. 

The spray pipe, Figs. 1567 and 1568, consists of three tubes slightly flattened towards the 
point, and in some cases shaped or bent to suit the shape of the tuyere. These threo tubes are 


1567. 1568. 
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joined by a wrought-iron fitting, which is connected by a fuurth tube with the water supply. The 

spray pipes aro made either of wrought iron, brass, or copper, and a sufficient amount of water is 

allowed to escape through small holes or slits in the pipes, to protect every part of the tuyere casing 

which is exposed to the heat of the furnace. In Fig. 1566 the spray pipo is shown with the two 

side pipes bent back and plugged at the ends with wooden plugs, which may be removed occasion- 

ally if it is thought desirable to clear thespray pipe from any sediment. The spray or jet of water 
3 F 
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from each hole in the spray pipe spreads over a considerable surface, and a small number of holes is, if 
they are properly placed, sufficient to keep the whole interior surface of the tuyere casing constantly 
wet. Scarcely any steam is visible, and the waste water passes away, after cooling the tuyere, at a 
temperature little excceding that at which it entered, unless a large blasts of the tuyere is exposed 
to violent heat. The spray is principally directed to the nose end of the tuyere, and beats back to 
some extent on the top and sides, which are also protected by a sufticient number of additional 
sprays from holes drilled in the pipes. ‘lhe water falls round tho sides and ends of the tuyere, and 
escapes from the back at the bottom through the waste-water pipe. 

Nhe durability, however, of these tuycres is not their main advantage. Like all others, any derange- 
ment or choking of the water supply will cause them to burn out; and in common with all other tuyercs 
they are liable to some of the accidents which will be referred to. If, however, a small hole be made 
in the side or end of the tuyere, either from stoppage of water supply, or any other cause, it is still 
imporsible for water to escape into the furnace. Frequently a tuyere that is heating may be saved 
by shaking or adjusting the spray pipe; but even if the end of the tuyere is entirely burnt, it is 
still impossible for water to flow into the furnace, as the blast will at once escape through any 
aperture, be it small or large, and consequently blow back any spray through the open end of the 
tuyere casing. If the hole is small und the damage is detected in time, the adjustment of the spray 
pipe will often cause it to iron up. If too large for this, there is still no necessity for haste in 
removing the tuyere, as the escape of blast through the aperture drives back the spray and 
prevents the possibility of any harm or danger, such as would result from the fall of this water into 
the furnace. 

When a spray tuyere is damaged, it can generally be repaired after removal by welding a small 
piece of iron on the damaged part ; or in the case of gun-metal or copper tuyeres, a piece may be tapped 
or brazed in and the tuyere made as good as new, at a very trifling expense. 

The Spreader tuyere, Figs. 1569 to 1572, hus a water jacket, and the outer end is only partiall 
closed at tirst. The lower half, Fig. 1569, is closed by a fixed half ring welded to or cast with 
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the shells; the upper half is afterwards closed by a movable picce as at Fig. 1570; sight holes 
are provided for the convenicnce of examining the condition of the tuyere, which, being so far 
closed, besides giving greater facility for detecting overheating, enables the clay packing to be 
done with as little care aa with the ordinary tayere. 

The water supply is furnished in the usual manner until it enters the tuyere, where through a 
specially prepared pipe, Fig. 1572, it is conducted to and over a sheet-mctal spreader that holda 
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up a constantly flowing sheet of water against the upper ] 

" ; YT half of 
the outer shell of the tuyere; from the end of the x sadder: a fan- 
shaped jet of water is delivered against the nose onl of the tuyere 
and a stream down cach side of the outer bhell, thonee flowing 
rab Seen en of outlet pipe; the force with which the 
- water ts ejected aguinst the nose of the tuyere depend} 

Agta ch the distance of the end of the spreader from the nde of ie divers shout er 
in. in Figs. 1569 to 1572, being regulated accordingly. Where there is but ; 
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In addition to the complete freedom from the d i 
ition ’ ee + danger of explosion j 
iad pene Oe ei furnace, which this mole of watrconllie ete Ab bier nis 
legree : » be Open spray tuyere, the Spreader tuyere is comparativel ” fre 
eee 2 pai from scurting and other ovstructions, arising from bad ater he e saaiiy 
shoutd such an impediment in any degree happen; a very slight movernent uf the sureades 
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to and fro, suffices to rub off and flush away accumulution without interrupting the water supply, 
ra if requisite, the spreader can be entircly withdrawn, clcuned off, and replaced in a minute or 
wo. 

To remove ordinary bronze tuyeres, it is only necessary to insert a hook and puil them out, 
while this operation is retarded with iron tuyeres by the tenacity with which dropping iron adheres 
to them. the remedy used by some, of digging the iron tuyeres out, partly at hast, while the 
blast is still on, is dangerous, as the men engaged in it have been seriously injured by their 
blowing out. Bronze tuyeres, too, have proved the best for the highly heated blast coming from 
firebrick stoves. 

The causes which may lead to the destruction are varied and numerous. Foremost among 
them is deficiency of water supply or obstructions to its free circulation, such as muddiness of the 
water, imperfections of the sereens, ineufticiency of the size of the pipe and its attachments and fit- 
tings. Another serious and too frequent source is drilling of the tuyere by drupping iron and slips 
of the furnace. In order to ensure sufficient water supply, each l-inch pipe sttuchment should Be 
allowed 10 gallons a minute, an amount which will cool 230 sq.in. of expused tuyere surface, with 
a minimum pressure of 10 lb. a square incb. Muddy water should be avoided, if possible: but 
where it must be used it should enter at one end of the tank and be tuken off at the other end. 
A good plan is to collect the tuyere water in a coliccting pond, and allow it to coul befure using it 
aguin. Screens must be large, and must be made amply strong, to resist any collapsing caused by 
the meshes getting filled and being drawn together by the descending current of water. The supply 
pipe to the tuyeres should come up through the bottom of the tank 16 in. Over it a strong cylin- 

rical screen, with meshes jj in. square, made of brass wire, should be slipped. The lower end of 
the serecn should terminate with a heavy iron ring, projecting 2 in. out from che screen, acting asa 
base. The top of the sercen should end near the level of the water, and have a handle to lift it up. 
Outside this screen must be placcd another cylindrical serecn, the internal diameter of which is a 
little larger than the collar or ring of the inner screen, This screen is of brass wire §-inch mesh, 
and is well stayed. The screens can be taken cut one at a time, and cleaned, without allowing 
any flouting matter to reach the tuyere pipe. The area of meshes of the inner screen must be five 
times that of the main or tuyere pipe. Large pipes must be used from the tauk to the tuyeres, in 
order to keep up the hend. No other attachment should be allowed. If the tuyere pressure is 
short, the circulation of water will not carry off the heat from the metal of the tuvere rapidly ; this 
will allow a bead or bubble of steam to form on the inner surface, which holds to the metal, and is 
retained in place in a spherical form by the pressure on it. This bubble increases in size until the 
expansive force of the steam within the bubble bursts it. The water then rushes in to fill its pliece. 
During the time the bubble is forming, the metal of the tuyere has been growing hotter, and there- 
fore instantly another bubble is formed, which allows the temperature to rise higher. This accumu- 
lation goes on until the steam is powerful enough to back the water, and then the tuyere burns, 
With a proper circulation, this is avoided. In many cases the pig-bed hose is attached to the tuyere 
pipe, and as it is used frequently the head of water is lowered. and often at a time when there is 
danger of the tuyere burning. In such a care, of course, it is destroyed. A mud deposit may be 
easily washed out of the tuyere if provision has been mude tor the emergency by putting a plug 
iuto the large end. The ordinary plug cock should not be used on the tayere connection, because 
the hole in the plug, when partly closed, is a long. narrow slit, and catches everything that comes 
along. A plug with a round hole is best, as it still preserves a good-:haped opening when partly 
closed. It is well to open these cocks onee a day for a few seconds. 

Drilling is caused by iron melting above the tuyeres ; it cuts grooves into the lining, and directs 
the current of iron on one spot of the tuyere. This drilling is worse if the furnace is working 
irregularly, as the stock in the centre of the furnace deflects the Diast and heat against the walls, 
thus causing the melting at that place instead of evenly throughout the whole mass. Tuyeres 
ehould not project far into the furunce, as they are more liable to be drilled and to be burned, trem 
the metal collecting around them at times during itregular working. In order to obviate the reces- 
sity of projecting the tuyercs far into the furnace, for the sake of getting the blast further into 
it, the size of the tuyero nozzle should be regulated. Little attention has been paid to this in 
the past, for two reasons, on account of the difficulty in preventing the nozzles from burning off, 
and on account of the time and trouble required to change nozzles. Another cause of drilling 
may occur alter casting, when the blast is off the furnace, in the following mauncr ;—A piece of coal 
may get crosswise into the mouth of the tuyere, deflect the dripping iron into it, and drill it on the 
inner bottom surtace. Bronze tuyeres stand the drilling better than iron ones, a8 the high conduct- 
ing power of the metal instantly chills the hot drop. Ina comparative test recently nade, a furnace 
was tried with bronze tuyeres on one side and ivon coil-tuyeres on the other cide. As the furnace 
was drilling its tuyores badly, the test was a good one. The result proved that the bronze tuyeres 
lusted three times as long as the coil tuyeres. The same results have been obtained at other 

laces. 
Water breasts are useful in such a case; they are short tuyeres which are built into the 
breasts of the wall. Their cooing action soon builds up a coating on the breast, which protects 
them. This arrangement possesses some other advantages which recommend it to more universal 
use. As it is firmly built into the wall, it holds the tuyere m position even when the wall below 
the tuyere is corroded away by cinder and iron, and prevents it drooping. The old arrangement of 
sprinkling water on breasts is done away with by the water breasts, and a more effectual method is 
uscd. In the event of a slip, it breaks the force of the falling mass, and lessens the danger caused 
by the metal being foreed up around the tuyeres. Nozzles should be so proportioned tiiat 
an equal volume of air passes through each of them. They should be kept clean and bright. 
The pricker rod should be used frequently. As soon as a tuyere is dull, and one tuyere pipe is 
not of the same temperature as the others, as it is a proof that the air is not passing into the 


furnace through it, a vigurous application of the pricker rod must bo made, to break rghit Pa crust 
8r 
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and get the air further into the furnace in order to reach fresh coal, which will eoon brighten it up. 
It is the neglect of these small matters that leads to larger and greater troubles. 

In using coil tuyeres, the nozzle is bedded in the nose in fireclay. During the time the blast is 
on, the nozzle retains its shape and delivers the air well into the furnace, but when the blast is 
tuken off during the casting, the heat melts the nozzle off about 6 in. from the nose, enlarging it, 
allowing the blast to expand in the end of the tuyere, and diminishing its penetrating power. Tho 
melted iron, dripping down over the nose of the coil tuyere, melts the casing off the nose for four 
coils back; the air then passes up between the coils, which further disperses the blast and de- 
stroys its penetrating power. When the blast escapes through the coil, it starts more melting 
nbove it, which ultimately leads to the cutting of the tuyere. When the blast is thus dispersed, it 
cannot penetrate, but it creates an intense local heat in front of the tuyere which destroys the brick- 
work of the breasts. With the double jacket tuyeres the air is delivered solid into the furnace, 
and dispersion is avoided. If a scale or clinker forms over the nose of one or more of the tuyeres, no 
blast can pass them into the furnace ; then more intense combustion takes place before the others, 
and soon the furnace works on ove side. This is more apt to occur with large hearths, hence tho 
necessity of extra vigilance with them. Large hearths greatly influence production. With properly 
proportioned blowing engines and hot-blast stoves, the hearth determines tho production of iron 
more than the diameter of bosh does. 

To show that large nozzles are not required, take a blowing cngine giving 10,000 cubic ft. a 
minute into the open air. This air will pass through an opening of 19 sq. in., which is equal to 
one 5-in. nozzle. More than thi< must, however, be allowed in the furnace. Using anthracite and 
10,00 ft. a minute, the combined urea of the nozzles should not be less than 70 sq. in. On coke this 
should be more. . 

The points to be attained are a large hearth with tayeres kept back, the force of the blast bving 
depended on for its penetrating to the centre, vided by choking down on the nozzles slightly. 
The action of the blast burns the coal or coke from the front of the tuyere, keeps an opening 
into the interior, and prevents the formation of a core. Tuyeres should be set 5 ft. from hearth 
to centre ag a minimum; the bottom should be drained well for high tuyeres. The cinder-notch 
should be not Jess than 16 in. lower. This keeps the tuyeres free from cinder, bright and elc an, 
and there is less liability of getting iron to them if the iron notel is hard, and casting is delayed 
thereby. Low tuyeres blow into the cinders und chill them; high tuyeres blow into ood clean coal, 
and keep up the heat of the hearth. When a tuyere burus off, the water cuters the hearth, abeurbs 
heat, and lowers the grade of iron. 

A cause of destruction to tuyeres, which is readily capable of explanation, arises when the 
materials in the furnace ure so dense as tu prevent the blast ascendiny frecly, ceusing resistance 
round the tuyeres, destroying the stopping, und leaving the greater jart of the tuyere nuked and 
exposed to heat, as indicated by the dotted line at A in Fig. 1068, which under such circum. 
stances is unusually intense round the tuyeres. <A close tuyere, fed in the usual manner, when 
exposed to excessive heat, will sometimes refuse its full supply of water, cither from the generation 
of steam in the tuyere, or from some other cause, aud this muy cause the tuyere to burn, and thus 
allow the escape of water into the furnnce. 

Slips of material after a furnace bas been hanging will sometimes dexstioy or blind every tuyere in 
a furnace, by the fall of solid material on them or in front of them. Accidents to tuyeres from this 
cause have not unfrequently occasioned severe explosions. Another cuuse of injury to tuyeres, and of 
greut danger where cluse tuyeres ure used, arises from the slay, or in some cases the molten metal, 
rising up to the tuycre level. This may huppen from neglect of the workman to open his furnace 
in time, or from having a hard tap so us to delay the running of the molten metal at casting time. 
In all cases, it is when damage to close water tuyeres hus been occasioned by the rising of metal or 
slug to ve tuyere level, that the greatest danger from the escape of any watcr into the furnace is to 

feared. 

The leakage from a very small hole in a coil or close water tuyere, from whatever cause it arisca, 
will in most cases be evaporated by the heat of the furnace, and cause nu further damage than a 
trifling lossof heat; but the sume action that causes u small defict will very often increase the 
aperture before any leakage can be detected, and when leukage occurs from the lower side of a 
tuyere, if is not unfrequently difficult to detect by examining the blast opening in the usual 
manner. 

A simple arrangement bas been introduced by Thomson of Ruabon for the purpose of de- 
tecting leakage when it occurs from any close tuyere. It consists of au water balance, which, so 
long us the same amount of watcr flows from the tuyere us is supplicd to it, is kept in equilibrium; but 
the moment any leakuge uccurs, the equilibrium is disturbed, and by thig means a whisile or alarm 
is sounded. This arrangement is suid to auswer well, and to give warning when « very stight 
amount of leakage occurs. The warning, however, even if promptly actd upon, would not in all 
pei prevent danger, as in the case of the destruction of a tuyere from u sudden slip in the 

urnace. 

In T. Wrightson’s Blast-furnace waggon drop, Figs. 1573 to 1576. water i } ing age 
The cylinder A is of the same length oF Aebleer ds ie full of the cuge, ae riders ee pee 
diameter. The cage B is attached to the piston C by means of a long piston rod D winkinie 
through a stuffing box at the bottom of the cylinder. At the top of the cylinder is a small sap ily 
tank kh, Fig. 1573, fitted with a self-acting ball-cock, to keep it always supplied from tho ncaa 
water nuin. A small adjustable hole in the cover communicates with the inside of the ec flinder 
to ensure that it is always full of water, and another small hole G, Fig. 1576, in the siaton allows 
any air which may accumulute under the piston to pass to the upper part of the cylinder where it 
aa ate ee tunk by the hole in the cover. y ; 

A pipe H connects the top with the bottum of the cylinder, through an ordinary water-coc 
which is controlled by a weigh-bar and lever, A cateh lever K is placed alongside the valve “pa 
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and serves to lock the cage as it comes to the top of its stroke. This holds the cage while the 
waggon runs on. When the cage with the waggon on is required to descend, the catch-rod is 
liberuted, and then the valve handle is lifted. By the opening of this valve J the water passes 
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from the bottom to the top of the piston, thus controlling the descent of the cage to any speed the 
attendant may choose, hen the cage is at tho bottom, a sclf-acting stop is removed by the action 
of the cage touching the ground, which allows the waggon to run off at the lower level. The cage 
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weights L is drawn up again, tho water 10 the ore oe 
» bottom of the Pista hibit the cago arrives at the top 
for nnother waggon to be run on. 
sumac bhrdagh the cock J, but on rnecount of irc area 4 
the piston being less by the area of the piston rod on the lower side than the upper, the water & 
the top, displaced as the piston rises, cannot find roon nt the lower 
side of the piston, and will therefore find relief, by a portion cquivalont 
to tho cubical contents of the piston rod, passing through the small hole 
in the cylinder cover into the supply tank. In the same way when tho 
piston again descends, there would be an equal deficiency in the water 
passing from the bottom to the top side of the piston ; this is compen- 
sated by the same amount of water re-passing through the hole in the 
cover. By this means the cylinder is always kept full of water, which is 
essential to the suecessful working of the apparatus. The same water 
is used over and over again, aud the ball valve in the tank Is merely to 
supply any loss from evaporation or leakuge. The small pipe O encircling 
the cylinder, Fig. 1576, is for the admission of steam in frosty weather 
to prevent the freezing of the water. This comes trom the nearest steam 
or exhaust pipe, and after coiling a few times round the lower purt of the 
cylinder, passes up to the top tank alongside of the connecting pipe. 

As regards the supply of homoge ncous fron, and the degree of homo- 
reneity to be expected in iron produced by various systems of puddling 
and subsequent working, Henry Nirk, Workington, read an important 
paper ov this subject before the Institute of Mechanical Engineers, in 
1877. and to this we are Jargely indebted in the following pages. 

Kirk first remarks that the word puddling was originally restricted 
to the working of refined iron, whieh never beeame thoroughly liquid, 
but was in a puddle or pasty state throughout ; aml when unretined 
pig began to be worked, and was found to melt thin and) boil up freely 
trom the rapid escape of carbon, the process wis termed = builing.” But 
as the puddled iron was better than the boiled. there was the temptation 
to sink the word boiling altogether, and this has been done so comph tely, 
that now, when we want to speak of the old puddling process, which 
is still carricd on at all the best Yorkshire works, and at many others 
where the very highest quality of iron is made, it requires a lengthy 
description to convey the intended meaning. 

The term homogeneous seems to have becn first applied to iron about 
twenty years ago, and it meant a comparatively pure iron manufactured 
by melting, too low in carbon to be called steel, in tact presenting none 
of its charactcristies. But within the Jast ten years makers ef homo- 
geneous iron have appropriated the term steel, steel being something 
better than iron; ani now there appears in some quarters a disposition ty adapt the word homo- 
geneous to iron produced by puddling., whereas pnddled iren is net, and perhaps cannot be made, 
truly homogeneous, It is highly probable that the use of the term steel has very mach bindered 
the employment of true homegencous iron in works of construction, for which it appears to be 
eminently fitted, by creating false impressions os to its hardness and the expense of working it, and 
it ina question whether the appropriation of the term homogeneous will help fron manufacturers 
nearly so much as the clo-est approximation to ifs most yvaluahle properties whieh it is in their 
power to make. But here arises a difficulty: the tinely crystalline appearance of sueh iron, when 
eut round with a chisel and broken suddenly off, tinds litthe faveur with engimerrs, while the 
fact of its being remarkably strong in ita hot as well as in ots eld state, and requiring a good 
dial of fire to heat and muscular torce to work, excites prejudice on the part uf those who have 
to expend their labour upon it. 

Homogeneous iron is considercd here as iron of the anme kind or nature througheut, and consistin 
of similar parts; thus iron may be homogeneous and yet contain all the clements usually associate 
with it, such as carbon, silicon, sulphur, phosphorus, and manganese; but iron contaming cinder 
cannot be truly homogeneous, because the nature of cinder is altogether different from that of iron, 
and in fact cinder does not combine with it at all, but only remains diffused throughout the mugs. 
Iron produced by melting and casting into solid ingots, earcfully heated and well worked, may 
properly be called lomogeneous, Such iron has no right to the term steel when the carbon is not 
above 0°30 per cent., which ik an amount sometimes execeded in the very best brands of wrought 
iron; for instance, an analysis of Swedish iron is given by Percy with 0-386 per cent. of carbon 
and one of Russian with 0°34 per cent. eis : 

_ Homogenevus iron, or mild ste) as it is now called, is remarkable, as compared with pnddled 
iron, for its high degree of strength and ductility combined. This is well excmplifled in the 
samples of mild stecl and iron hoops of which tests arc given in Table 1 Lhe pieces were about 
6 ft. length each, and the testing inachine Wa» one specially conatrueted for ascertaining the tensile 
strain and ductility of telegraph Wire. Considered superficially the steel appears twice us good as 
the iron, taking strength with ductility ; but who-n it is considerc ; ; 

y nsidercd that to obtein the compurative 
value for work, say by Mallct’s coefficient, half the breaking weight has to be multiplied by the 
elongation a fout, it will be seen that the steel han about 4 times the value of ite ikon Thi 
however, docs not exhibit the whole of the difference between the two. By the sume rule ot 
calculation, No. 16, the lowest of the steel, gives nexrly 12 times aa hi h & vale : No. 4 th 
Jowest of the iron; while the ratio of ditl-rence between the lowest and the highost steul is ue 
1 to 1°62, and the rativ of difference between the lowest and the highest iron is as 1. to 9-06, 
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showing that the variation between the different samples is 53 times as much in the iron as in the 
homogeneous metal. 

No doubt this is an extreme case, but it is selected as well adapted to show the full value of 
homogeneity, which would be perfect in the steel, from its having been worked down to so small a 
size, but more imperfect than usual in the iron, for reasons which will be given in the last division. 
Ag ingot iron is made larger in size, it ig less and less unifurm, because of internal crystallization, 
accompanied often with air bubbles. On the other hand, as wrought iron is made larger in size, 
@ greater degree of uniformity can be obtuined, as is done in the manufacture of armour plates, by 
building up from numerous smull pieces. 


TaBLeE I.—T ests or Hoor Iron anp STEEL. 
Hoops 1 in. x 18 w.g. 

























































STKEL, Inox. 
No. Breaking Weight. | Elongation. | No. | Breaking Weight. Elongation. 
Iba. per cent. | | Ibs. per cenit. 
] 4360 41°50 1 2660 9°00 
2 3800 : 13°25 | 2 | 2420 4-50 
8 4275 13°00 3 2525 9°25 
: 4 4100 ; 13°50 4 2400 1°25 
5 4100 11-00 | 5 2480 4-00 
6 4200 9°50 6 2000 3-00 
7 700 12-00 7 2300 2-50 
8 4445 10°50 8 | 2000 4°00 
9 3680 ' 14-95 | 9 | 2490 9-25 
10 4430 8°75 | 10 ! 2300 3-50 
11 $800 15°00 4 11 ; 2790 9°75 
12 4300 10°50 | 12 ! 2200 2-00 
13 4000 11°75 | 13 2400 7°50 
14 4750 12°25 14 2210 3°00 
15 42000 13-00 15 | 2870 8-00 
16 3700 9°50 16 2400 3°25 
17 3720 14°75 . 17 2650 3°50 
18 3815 15°00 [ 18 2500 9°75 
19 3770 10°25 i 19 2400 1°50 
20 3700 12°50 . 20 2375 4°50 
Average 4042 | 12°08 | Average | 2388 5°15 


{I 


! 





It is not the intention here to deal with plates nor with hammered iron, nor specially with 
angles or rails, because the experiments now first made public were conducted entirely upon rolled 
bars. As the manufacture of iron from ingots has undergone great changes, it is obviously unfair 
to give earee ais from old sources, and the only available modern data suitable for the comparison 
are given in Kirkaldy’s experiments on Fagersta stcel in 1873, Series C3, representing the presence 
of 0°15 of carbon, from which is extracted Table II. The lowest breaking strain is 23°6 tons 

r aj. in., and the highest 27:1 tons; the least degree of contraction of area at the point of 
racture is 31°4 per cent., and the greatest 72 per cent. ; the least degree of extension, over a length 
of 10 in., is 20°2 per cent., and the greatest 31°1 per cent. Numerous samples of wrought iron of 
higher breaking strain, and some few with an cqual contraction of area and the samo degree of 
ultimate extension, can be found, but probably not of all the three combined, when a sufficient 
amount of work has been expended upon the steel to make it truly homogeneous, as in the first 
two or three tests given in the table. 


TansLe II.—Tesrs or Facersta STEEL Bars, By D. Krrkaupy, 1878. 





























Specimens turned to Ultimate Stress Contraction 

Size of Bars. Ey eset an CCT i of Area Ultimate Appearance of 
Length 10", Diam | pee of Original ace: éé Sivan a Extension. ‘racture. 
inch. in, | gq. in. Iba. tons. percent. | per cent. 

$ square | 0°357 | 0:100 | 60,780 | 27:1 72:0 | 22-2 All Silky 
1 do. 0°619 | 0-800 54,560 | 24°4 69°7 27°8 do. 
1¢ = do. 1-009 0:800 57,960 | 25°9 56°0 27°3 do. 
2 do. 1°882 1°500 97,453 | 25°6 51°8 28°6 95 per cent. Silky 
2% do. 1°694 | 2°250 | 57,345 | 25°6 31:4 20°2 All Granular 

81-1 All Silky 


8 do. 1:994 | 3:000 ; 52,962 | 23°6 o7°8 


Average; 56,843 25-4 | 56°45 














Puddling may be shortly described as a process for the conversion of cast iron, containing from 
8 to 10 per cent. of impurities, into wrought iron, containing, in its first stage as puddled iron, 
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from 3 to 3 per cent. Oxygen is the almost universal agent employed for this Spa and is 
obtained priteipall y from Sei of iron in various forms, technically termed fettling. The aries 
in which the operation is performed may be considered as consisting of four parta—tho grate, the 
hearth, the flue, and the chimney; but frequently one chimney serves for a number of lao 
The grate need not be further noticed, except to state that whero iron of superior quality, an 
requiring to be kept very clean, is produced, it is fixed lower than usual, to prevent coa. wn ash 
from passing over to the hearth. The hearth of a puddling, or more correctly speaking, rs ing 
furnace, is made of cast-iron plates, which are kept cool by various means to prevent them aie 
melting with the intense heat, and are also covered with oxide of iron or fettling, which is renewe 
from time to time as required. Usually a heat of 43 ewt. long weight, or 540 Ib., is charged along 
with some cinder from the hammer or rolls. Ag soon as the iron begins to melt, it comes in contact 
with the futtling and cinder in a solid or liquid condition. Chemical action between the two is imme- 
diately set up, so that the first melted iron has a greater chance of purification than that melted at a 
later stage. All round the sides of the hearth the fettling rises some inches above the floor, and as tho 
tools are worked backward and forward and from side to side the melted iron is washed up against 
it, and therefore the outer portions of the iron are exposed to more fettling than the rest, and begin 
to thicken first. The puddler serapcs the thick iron into the middle and mixes it thoroughly among 
the other. The thickening is hel ped on by the closing of the damper, which is generully dono ba 
soon as the iron is properly melted; and when the iron and cinder are well mixed together, t 4 
boil generally commences and the damper is raised. As the boil proceeds, the most advanced 
portions sink to the bottom, and are brought up again and blended with the rest by the puddler’s 
tools. After the melting, mixing, and boiling, comes the dropping as it is called, when the nag tra 
tion gradually subsides, till the whole mass lies upon the floor of the hearth in a pasty state. The 
floor of the hearth ia much colder than the upper portion, all the heat being derived from above, so 
that the action of the fire comes very unequally upon the iron, which is worked up by the puddler, 
and turned over and broken into small pieces to allow the flame to play upon all parts as uniformly 
as may be, the damper being lowered at the same time; but as the tools are only very small in 
proportion to the quantity of iron, and the pnddler’s strength and activity limited, it is casy to see 
that at best the working of the iron is onlv imperfect. Next comes the balling, or making into 
lumps suitable for the hammer, which is done as expeditiously as possible, putting together the 
most advanced portions first. But even here, perfection in hitting the right moment with the 
whole of the iron in the furnace is scarcely attainable; so that there are at every stage CHLUSOB 
making against homogeneity, which it requires all the best efforts of the workmen to keep in 
check. These causes are increased sometimes by the farnace working with the flue slanting upwards 
directly into a firebrick chimney, the brickwork of which gradually melts away, and theoretically 
shoukl come into the turnae:, heat by heat, in which case litde harm would be done; but in 
practice the pnddler keeps it back by the fettling, and now and again it runs into the furnace ald 
at once, uncdkin many cases spoils a heat. Frequently the effect is to produco tibre, hy the diffusion 
ofa thick cinder throughout the mass, preventing the furmation of erystils, but the iron is generally 
weak and red-short. When a short flue is carried from the furnace to a boiler, the quantity of 
melted brick is scarcely worth notice. 

Pure iron appears to be soft and ductile, strength is added to it by the presence of carbon, and 
speaking generally it may be said that iron is good go far un it is free from all other clements, 
excepting perhaps manganese. But carbon, though a most valuable accompaniment of pure iron, 
secms te be highly injurious in connection with phosphorus and silicon in quantity,  Theac 
elements, which along with other forcign matters Inpart fluidity to iron, tirst of all appear to 
reduce the amount of carbon in the pig; such iron comes readily to the boil, and the liquid 
condition being maintained by the presence of the other impurities, the boil may be prolonged to 
a later stage of decarbonization than can be done with better iron: hence it is possible to reduce tho 
carbon to a mere trace by well and careful working, and to make the iran soft, fibrous, \ 2... 
and apparently very good, though it has never yet been proved cqual in all respects to that produced 
from u higher quality of pig. ‘The ordinary expression apphed to it by consumers of first-class iron 
is that it wants “ body,” which appears to mean neither more nor less than that it kicka strength, is 
not sufliciently pure, and is short of carbon, But when all other clements are reduced to a very slight 
percentage, the carbon is pretty certain to be unusually high, and the iron when broken suddenly 
by a smart blew upon the anvil after cutting through the skin is almost invariably crystalline 
or granular, though really capable of bearing a Ligh tensile atruin, contracting very munch at 
the point of fracture, and clongating considerably ; when not broken suddenly, the appearance is 
fibrous, and the fraetnre under tensile strain is generally all tibrous. Such iron must be good, 
despite its crystals, and as it improves with working, it is better in the manufactured article than 
in the bar; while iron made fibrous by a mixture of strong einder, and working comparatively cold 
in the finishing heat to prevent this einder escaping, is never equal in point of strength and duc- 
tility to the other, and is very upt, with the least degree of overheating by the smith, to become 
extremely brittle. 

Kork observed these phenomena forcibly in the course of some experiments undertaken with 
a view to ascertuin the properties of several” kinds of iron, chirfly from hamatite ores. The hoats 
given were all of full weight, no extra time was Bpent over them, no extra fettling used, and no 
additional heat was employed to purify the iron to a greater ¢xtent than was likely to bo done in 
actual every-day work. The puddied blooms were rolled into bars without reheating, and finished 
¥ n eta heat, except four of the samples, the results of which are represented in ‘Tables 
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largest. There was considerable difference 
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betweon the properties of the first and the last of the four, and an analysis of each was taken, the 
first and second of Table VL, the last being highest in carbon, and probably, from the greater total 
percentage of the various elements, lowest in cinder. 


TasLe Ill.—Txsrs or Marnon Inon Bars, ny D. Krrgatpy, Srv Jury, 1876. 
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Ultimate Stress Contraction 
Size of Bars. Original a aq. in. Ultimate Appenrance o 
Length 10". Aten of Oriana: ‘Arca. | eevee of Fractured Extension. Fracture. ‘ 
inch. aq. in. Ibs. tons. {| per cent. per cent, 

,, diam. 0° 255 61,282 27°3) | 40°8 99+) ¥ ibrous 
~%, square 0°331 55,791 24°8 ° 42°% 97,709 93-0 da. 

§ do. 0°570 54, 894 24°5 «  40°0 91,491 24-2 do. 

4 do. 0° 265 53, 603 24°0 = 524 112,738 22°9 do. 


In Table IV. the first four samples represent two puddlcd bars of the same heat, M indicating 
middle of bar, BE end of bar, One piece was taken from the end and the other from the middle of 
cach finished bur. The samples range from 24°1 to 26°9 tons a sq. in. ultimate stress, from 32°8 


TabLe [V.—TeEsts or Marron Iron Bars, py D. Kinxautpy, 24TH Juuy, 1876. 


Bars 10 in. length. 
rt 











| Stress a} | 
‘ Ultimate Stress Contraction | ‘ i 
Diameter Original : ey. in. of | Ultimate = | 
: aaq. in, Of Area [a ae 1 Appearance of Fracture. 
of Lars. Area. of Original Area. | at Fracture. meu : Patni lon, | 
t poh eee sean eee ee Ree Ie ' ‘ fa ae, 

inch. , sq. in. | Ths. Ibs. tons. ¢ oper cent. | Ibs, + oper cent. 

] - diam. M Oovew eee ba | 94,786 ¥ O27 lererin ! Fibrous. 

1} 

6 bd) 


to 46°7 per cont. contraction, and from 22°7 to 26°2 per cent. extension over 10 in. length. The 
first of this list presented the unusunl feature of being worst welded in the middle of the bar, caused 
by the pilo being charged after the rest, and drawn before the heat had permeated throughout. 
When fractured, it exhibited the five pieces of the pile very distinctly, though the end of tue bar 
was well welded, An imperfeet weld reduces a bar to a series of flat plates, und it is well known 
that plates neither contract at the broken part nor elongate so much as rounds and squares. 

Table V. and the last five items of Table VI. give the results of the most important trial of all, 
because they represent the whole of a puddled heat both in tests aud analyses. The sizes of iron 
are all the samc, Which is better for comparison with each other. The breaking strain is from 23 


TavLe V.—Tests oF Marron Iron Bars, py D. Kirkaupy, 3lst Avatst, 1876. 


Bars 10 in. length. 
cetera oat nn PA PSS ETS Et A SSS SSS sists ssf VSSSSSSHUSSNSND SES 


| : 
. : Strera a 

Deseription Original | Ultimate Stress | Contraction eq. in. of Ultimate | 
| 
































. in. af Area . : : 
eS zene: of Ongar are | at Fracture, ulcers : Extension. | pepo nee a Taeeer: 
t 
| aq. in. Ibs. lbs, = tons. © per cent. Iba. sper cent, 
W.S. (> M 0°442 56,515 42°38 24°1 Fibrous 
» {M » | 56.470555,803 24°9. 40°2540°9) 94,501 22-6323°3 | a 
» iE: , ‘54.42 | :40°2 2371 | 7 
W.T.W..M og, 55,791 | 146-1 24-1 | jf 
ae oa 8.7255,680 ae 'so las 94,916 B8)25-0) ae 
» IE) 4 (55,554 | 31°6 j21-1 nf 
W.5 M | » 1 05d,780 | | 42°38 | 23°9 ‘do., 5 p. c. crystalline 
J EK}, [55361155048 24-6) 40-2141-6| 94,308 | 20-1522-1 Fibrous 
» |My»; 54,004 | |42°3| | 22-3 i 
W.R.55Mj oy | 55,226 46-1 | 24°8 i 
» |x | ‘ 55,181 oa. 24°53 3l40°8 92,595 | 22°623°2 | do., peculiar 
~  |M) » | 53,884 38:2 | 22-3 ¥ 
W.K.S OM » | 62,138 50°0 | 25°9 Fibrous 
» IM 9 51,961 551,728 28-1, 50-050 108,457 26-0/25-9 a 
‘s » $5 51,085 50°0 | 25°5 . 
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TaBLE VI.—ANALYs1s oF Marron Bar [ron, G. F. Downar. 























| 

Size of Bars. | Description. Iron. { Carbon. | Silicon. | Sulphur. | Phosphorus, | Manganese. Total. 

inch. per cent. , percent, | per cent. ; per cent. per cent. per cent. per cent. 
9; diam os 99°533 : 0°15 0:067 0:011 0°075 © Trace 99°851 
# square oe 99-530 : 0:°190 0-074 0°010 0°U91 3 99+ 895 

1 diam. oe 99°533 | 0°170 0:°047 0°01! 0:045 ‘3 99 °806 
2 4, W.8. 99:498 | 0-120 | 0-116 | 0:015 | 0-091 ‘i 99°840 
2 os W.T.W. 99° 326 | 0°150 0°128 0:012 0°132 * 99°748 
Z + W.5 99°500 | O°115 0:149 0-011 0°161 + 99°936 
3 . W.R.5 99°498 ' 0-090 0-163 0°022 0°182 oy 99-955 
a> W.R.3 99:704 | 0°180 | 0°019 0:014 0:074 “3 99-991 





to 25 tons a sq. in.; the contraction from 31°6 to 50 per cent.; the extension, over 10 in. length, 
from 20:1 to 26 per cent. An effort was made in this heat to get the carbon lower than before, 
and it gnve an average of carbon 0°131 per cent., against an average of 0'175 per cent. in Tables HT. 
and IV.; but the sum of the phosphorus and silicon had risen from 0°133 to 0°243 per cent., and 
it will be seen that in Tuble VI. itself as the carbon falls the phosphorus and silicon increase. 
Thus— 

Phosphorus and Silfcon. 

0:°093 per cent. 


Carbon. 
W.R.3 contained 0°180 per cent. 


W.T.W. s 0°150 a 0°260 ” 
W.5 ae 0-115 5 0°310 os 
W.B.S - 0:°090 Es 0° 345 sy 


W.S. is here omitted, because it was treated in an entirely different manner from the rest, by 
which the cinder was better extruded, and it is not therefore eligible for comparison, because some 
of the phosphorus and silicon appearing in the analysis of irou properly belongs to the cinder 
remaining in it. 

There is a probability that these oscillations of carbon on the one hand and phosphorus and 
silicon on the other are not accidental. but are really cause and cfifect. A considerable wmount of 
carbon often remaing in the puddled iron after it hus reached a spongy condition, and the cavities 
of it are filled with cinder, which generally contains a good deal of phosphoric acid and silica. It 
is likely that sotne of the oxygen tor the removal of the carbon is obtained from this cinder, and 
that it sets free iron, phosphorus, and silicon, which are added to the puddled ball. Colouring 
is lent to this supposition by the behaviour of puddled iron at the hammer, by the ettect of a 
puddled heat waiting in the furnace after it is nade into balls, and by the composition of puddled- 
ball cinder. Frequently a slight flame is observed from on puddied ball, and when the hammer 
drops upon it, and the cinder ix thereby brought into closer contact with the iron, it is latne-dintely 
covered with the flames of carbonic oxide, When the puddled balls remain too Jong in the furnace, 
the quality of the iron is greatly impaired; though the causes of this do net appear to have been 
investigated, it is a well-known fact. It may be that occluded gasis have something to do with it, 
ag well az the cause just referred to. Cinder expelled from puddled balls is invariably poorer in 
iron aud richer in silicon and phosphorus than the cinder left in the furnace at the time the balls 
are withdrawn. 

' Without attempting to trace any very close connection between the mechanical roperties and 
the chemical composition of the different samples given in Tables IIL. to VL, enh were of iron 
chiefly made from Moss Bay hematite, attention may be very properly drawn to one fuct which 
comes out with remarkable clearness. It has frequently been contended in making tests that tho 
true value of any iron is shown by the amount of stress at the fractured area, and there can be po 
doubt that this shows its real strength. It will be found throughout that us the carbon increases 
so does the stress a sq. in. at the fractured area. Thus— 


Carbon, Streas at Fractured Area. Original Area. 
0°090 per cent. 92,599 Lb. w sq. in. 0° 442 #q. in. 
0-115 s 94,308 ss O°442—C,, 
0-120 ss 94,501 me 0°442—,, 
07150, 94,916 = 0-442, 
0°165 a 102,809 35 O°r255 
0°170 6 101,626 % 0'785~—,, 
0-180 os 103,457 is O-442 
0-190 ,, 112,738 - 0-205 |,’ 


The apparent exception in the case of 0°170 per cent. is duc to the area being three times as 
as in 0°165, and therefore having a much Jess amount of work put upon it, and the immense jner 
of strength from 0°180 to 0°190 is mainly accounted for by the extra work put upon the latter 

It has becu stated previously that a mixture of iron and cinder is not compatible with homo- 
ale ye aie aie cn sats es ae ge omnes) we of unusual purity gives bettor facilities for 
expelling the cinder, besides which it docs not stick in such iro ortinaci 
low cr aeilite ’ n #o pertinaciously as in that of 

Of the anulyses presented in Table VII., which are of ordinary qualities of i 

second, and fourth represent a description of iron very much in favour for years hoe phe gt et 
as well as in its cold etate, easy to weld and fibrous. The third was similar, but 
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fibrous ; it has been added just to show the influence of carbon along with silicon and phosphorus 
in quantity. It will be seen that ali the four are much lower in metallic iron than the previous 
samples, and thut the total percentages ‘are also lower. Ordinary chemical analyses do not 
distinguish between iron and its oxide—it is all given as iron, whereas there may be } per cent. or 
more existing in combination with oxygen; and the weight of oxygen not being given, this causes 
the total percentage to fall short in the more impure article. 


TaBLE VII.—ANALYsIS OF Bar IRon. 
(Ordinary qualities.) 


























Size of Bars. | Description. | Iron. | Carbon. { Silicon. Sulphur. | Phosphorus. | Manganese. | Total. 
ich. 7” | per cent. | per cent. | per cent, percent, | per cent, percent. | per cent. 
§ diam.* ‘K.B.W. 4 | 98°625 | Trace ; 0°258 | 0°052 | 0:°321 Trace 49 +256 
secre ” ; 98 YS3 0°174 0:038 | 0°289 Ke 99-484 








* | 99-064 


$s 29 | 0-075 | 0°224 | 0°035 | 0-310 i 99°708 
yx +. K.B.W. gp Best, 99°115 
| | 


| 
Trace | 0°170 | 0-028 | 0-200 | 0-140 | 99-653 
| | 








From what has already been advanced, the true means of ensuring such a degree of homogeneity 
as is possible by puddling appear to lie in the production of iron as pure as may be with its 
attendant carbon; and it is believed that if iron were puddled with a view to the best possible 
quality and the greatcst degree of homogencity without any regard to the presence or absence of 
fibre, the carbon would run still higher than in Table VI., and that the iron would be more 
valuable in every way if its propertics were appreciated and its pcculnrities understood If it be 
true, ay it appears to be from the foregoing observations, that the most valuable iron is that which is 

urest, along with suflicient carbon to impart strength, it is obviously bad policy to replace carbon 
xv phosphorus and silicon, even though that replacement should be accompanied by the substitution 
of fibre in a nicked and suddenly Lroken sample for fine crystal or grain. 

Mechanical rabbles are now worked only to double furnaces, having two doors opposite cach 
other, a rabble being placed to work through the stopper-hole of each; but these furnaces, as 
usually constructed, are objectionable in several respects. In the single furnace, the roof is made 
highest over the door, to counteract the effect of the air drawing in at the working hole and at the 
crevices about the door and door-frame, which contrivance brings the flame tolcrably well to the 
front; but the double furnaces are highest in the middle, and the flame is not therefore so well 
equalized. The depth of the hearth below the fore-plate upon which the door rests, and which 
serves ns a support for the puddier’s tools and as ea fulcrum whenever leverage is required, is 
generally greater than ina hand furnace, in order to prevent iron and cinder being raked out by 
the motion of the rabbles; this causes the workman extra labour when he is obliged to work with- 
out the machine, which is a longer period than the machining, »0 that there is a per-contra to the 
saving of Jabour by the machine, The double furnaces, having no backwalls, have of course 
much leas brickwork and fetiling in proportion to the charge of iron than single furnaces, the 
results of which are saving of fuel and of fettling: but the furnaces, having a smaller reservoir of 
heat in the absence of the back walls, work more slowly and do not reguin their full temperature so 
soon after having been cooled down for any purpose, such as cleaning the grate or lowering the 
damper to bring on the boil, This is a great drawback in working iron that requires a yood deal 
of dampering and the heat restoring rapidly after the damper is rnised. The saving of fc ttling 
when there are few of such furnaces, in what may be termed the experimental stage, among a 
number of the ordinary kind, is often made up by a free use of mill seale, and by the oxidizing of 
a larger quantity of scrap to keep the bottom good. When not so made up, a better mixture of 
iron must be resorted to, or more waste of iron will be incurred. or clse worse iron will be made, 
that is, of course, always supposing that the mixture of iron and the quantity and kind of fettling 
are properly adapted and adjusted to each other in the single furnaces. Double furnaces sometimes 
work hotter on one side than on the other, which is vexatious, for the damper occasionally wants 
lowering to suit the condition of the iron on one side, and keeping up to suit it on the other side, 
but. as the snme damper generally acts for both this cannot be done. It also happens now und then 
that the wind blows in strongly at one stopper-hole and drives the flame out of the other, to the 
annoyance and inconvenience of the workmen. There is not apparently anything about the system 
of mechanical rabbling generully to give giounds for expecting greater degree of homogeneity 
in iron made by this than by the ordinary methods, though double furnaces unquestionably save 
fuel. 

The Casson-Dormvy furnace, with Casson's gas-producer, bas a grate much wider than the 
hearth, which is circular, and the furnace appears to keep pretty well filled with flame. 

The Maudslay or Pernot furnace, the floor of which is upon an inclined plune, and which 
rotates in this position, is an advance upon the foregoing, because it exposes the iron alternately to 
the action of the cinder when it comes to the lowest part and then to the flame of the furnace 
without the covering of cinder; but there is still the disadvantage of the colder bottom, and of 
turning over and balling by manual labour. 

The Pernot furnace, Figs. 1577, 1578, consists of a fixed fireplace, roof, and flue, together with 
a movable furnace bed and its support. The fireplace is of the ordinary form, and is provided with 
a charging door on cach side of the furnace, with four small orifices, closed by cast-iron doors, serv- 
ing for the introduction of an iron rod for the purpose of stiriing the fire; the ash-pit is closed by 
doors of sheet iron, and a current of air from a fan is admitted beneath the grate by a valve. When 
the grate is sufficiently furnished with coal, it acts to a considerable extent like a gas gencrator, 
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and fills the furnace with reducing flame. The dome is circular, the brickwork resting upon an 
iron ring cast in segments; this ring is inclined downwards towards the front of the furnace, and ia 
on a level with the fire-bridze, which is also inclined. Both doors are in the front of the furnace 
or in the portion corresponding with the lowest part of the revolving bed, the door next to the 
flue being considerably larger than that adjacent to the fire-bridge. The flue is placed opposite to 
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the fire-ridge, upon the same level. and having the eame inclination. It leads cither into a 
chimney or into a regenerative chamber. The whole of the fixed structure is strongly braced, and 
beneath it is a rectangular cavity into which the movable bed with its supporting carriage may bo 
introduced. The revolving bed cunsists of a circular trough, of which the bottom is a plate of sheet 
iron, the sides being formed of an iron ring cast in segments, and fastened to the bottom by bolts so 
placed as to be accessible without disturbing the lining or fettling. The upper portion of the cast- 
iron ring forming the sides of the bed is strengthened by a second, also cast in segments aud bolted 
together. 

Beneath the iron plate forming the bottom of the bed is fixed the mechanism which permits of 
its rotation on an inclined axis. This cunsists of a slightly conical toothed wheel, cast in segments, 
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and fixed by bolts to the periphery of the bed on its under side. Within this wheel a cast 

fixed in the form of a cross, ench arm of which bears a conical wheel destined to run util . 
conical road on the carriage. The centre of the cross is fitted with a bearing which works upon a 
shaft inclined at an angle of about 6° or 7° from the vertienl. The carriunge rung on a 
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cee the cavity beneath the furnace, and can be readily withdrawn when repalis are 
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The‘bed is moved by a toothed pinion attached to the carriage and gearing with the conical 
toothed wheel on the under side of the bed. The pinion, by means of a coupling similar to that 
used for joining tho rolls of a train, obtains its motion from an engine of from 2to3 H.P. This 
coupling serves for disconnecting the shafts previous to the withdrawal of the rotating bed. The 
latter is formed of small fragments of ‘‘ Mokta,” together with hammer-scale and slags frum shin- 
gling, the surface of which fuses, and forms a glaze that cements the mass. ‘The interivr of the 
furnace is kept full of reducing gases, and the current of air is so regulated that flame issues 
from the joint between the movable bottom und the fixed part of the apparatus, which it is found 
impossible to keep entirely tight. The furnace bottum is kept coul by a continuous jet of water 
playing against it. 

The average rate of rotation, whether for the manufacture of iron or of stcel, is about three 
revolutions a minute. 

The method of working this furnace differs considerably, according to the description of pig iron 
to be converted. For ordinary cast iron the following system is observed ;—Axs soon as one chargo 
has been withdrawn and shingled and the grate cleared, the temperature falls considerably, and the 
slaz remaining on the hearth becomes pasty. The workman scts the hearth in motion, und with a 
suitable tool spreads the slug against the sides and towards the centre of the bed in a symmetrical 
manner; the fire is uow urged, and as soon as the desired heat has been attained, the requisite 
quantity of bammer-seule und slug is added, and finally the cast iron. When the fusion is com- 
plete, the charge hus a tendency to rise, owing to the rotation of the hearth, and is constantly roll- 
ing back into the lowest portion of the bed. Since, however, the rute of rotution never exceeds three 
revolutions a minute, this movement is insufficient for the proper stirring of the charge. The 
puddilcr therefore ussistsy the stirring by placing his tool agaiust the side of the working door, and 
allowing the end to rest on the hearth, In this way every part of the charge is brought into 
contact with the stirrer, and the laborious work of ordinary puddling is dispensed with. 

When the iron commences to come tv nature, the stirrer is withdrawn, and a tool with a flat- 
tened end is introduced and held against the side of the door, with the flat portion resting in tho 
molten charge. This serves to prevent the collection of the minute particles of iron on the bottom 
of the furnace as soon as formed. When the ferruginous mass has attained a certain consistency it 
no longer falls back into the lower part of the hearth, but is carried around with it, and is thus at 
each revolution plunged into a bath of molten slag. As svon as the ball is furmed the furnace is 
stopped, and the lurge mass is divided into a number of smaller ones, which are taken one by one to 
the shingling machine, The labour required for a furnace of this description consists of two 
puddlcre, two ussistanta, a fireman, and a boy to look after the engine. ‘The only labour of an 
excrssively futiguing description is that necessary for the separat.on of bulls from the larger mass, 

The average production of rough iron a day of twelve hours is 7691 1b. ; the labour necessary for 
the munufacture of 1 ton of iron being: puddler, 0°57 day, and fireman and engincer, 0°Y8 day. The 
luse of iron is small, and the consumption of coal amounts to 2332 Ib. a ton of iron produced. ‘The 
ion is of better quality than that produced in the ordinary furnace, the production of rough iron 
in which is given ags;—Average make in twelve hours, 2370 Ib. ; labour a tou, 0°93 day puddler ; 
luss of iron, 7 per cent., and consumption of fucl 3329 Ib. a ton of iron mucde. 

The furm of furnace revolving on a horizontal axis appears to give the greatcst promise for tho 
future, if those who employ it will only study chemical action and work according to it, instead of 
trying to overcome their difficulties by merely mechanical contrivanecs, When iron is charged cold 
into these furnaces the evils pointed out in the ordinary furnace are intensified, because a greater 
quantity of melted fettling is present, but the iron ought always to be charged liquid. The 
working of the iron while it remains liquid is far more thorough than in the best of the other 
systems noticed, but when the iron becomes pasty there is no means of opening it out as is done by 
a goud puddler, and consequcutly the advantage is to some extent lost in the latter portions of the 
heat. 

Danks’s furnace does not give much promise of homogeneity, inasmuch as from various causes, 
including impe:feot working of tle puddled ball, there has Leen generally a large quantity of very 
thick cinder present, difficult to expel. 

In Crampton’s puddling furnace, Figs, 1579 to 1582, A is a revolving chamber which is made to 
rotate on a horizontal axis; the speed can be adjusted to any velocity up to 10 revolutions a 
minute; BB is the refractory lining, and CC the whecls on which the furnace revolves. D is the 
movable flue piece lined with refractory material, capable of being removed when uccess to the 
furnece is required; the flue piece rests upon three wheels FE, which run on iron rails and have 
screws Foon the axles of the whecls for keeping D against the furnace. G is an opening through 
which the air and fuel are injected. If is the pipe through which regulated streams of air flow, and 
which conveys the fuel from the coal rescrvuir to tle furnace through the nozzle I. A plan of this 
is shown enlarged in Fig. 1581; and at K are several partitions in the bend of the injection pipe 
fur the purpose of preveuting the fucl and air separating on passing the bend. L is a doublo-way 
cock fur the admission and exit of the watcr at the double casing of the furnace. The water ent. rs 
at LL, passes into the pipe M, and is delivered at the end N into the casing, circulating through the 
whule casing and making its exié at the end of the pipe O, pases thence to the cock L, and 
leaving it by the pipe P. The water is then conducted by P to the flue piece entering through a 
ficxible pipe at the lowest point and leaving at the highest point ut R. SS are the wearing joiuts 
of the furnace and flue piece directly in contact with the walter casing. T is the opening for the 
exit of the products of combustion into the chimney, where they may be utilized in producing 
steam or heating tho air, or both. . 

The cual, which is ground and sifted previously, is brought into a tank U, Fig. 1582, by a 
crecper. In order that the powdcred cal may not clog, stirrers V ure used, which serve also to 
bring the coal from the tank to the fced rullers WW. ‘The opening from the tank can be made 
larger or smuuller as required by a sliding door X, The distance betwecn the roll. rs can be adjusted 
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and the feed regulated with accuracy by a lever and screw Y; two scrapers clear the rollers, The 
coal falls through a shoot Z to the air pipe H, into which it is induced by tho current of air 
traversing it from a blast reservoir. 
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The Crampton furnace, assisted by the equable character of its flame, and the means afforded of 
keeping it in perfect command, would sem to give the greatest promise of nny in the direction of 
homogeneity. Though the amount of fettling used is very great, the puritication of the iron is most 
extraurdinary, and such purification has been shown to be one of the conditions favourable to 
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homogencity. Further, when the coal is suitable the cinder is thinned by the silica from the ash 
and the bulk of it can be easily driven ont of the iron. 
With respect to the subsequent operations, the puddle-bar system is really the outcome of an 
effort to obtain uniformity, the causes making against which in puddling have already been dealt 
with. Probably it was thought at first that rolling the puddled iron into flat bars, cutting up, and 
piling would divide the irregularities by the number of picecs in the pile, as well as improve the 
iron by putting more work upon it. But it does more than this: any iron not properly worked 
when rolled off from the puddled bloom without reheating, tears into holes of various sizes, from 
the smallest speck upwards, by the action of the rolls: and when the pile is subjected to the heat 
of the furnace, these holes allow the raw places to reecive a greater share of the heat, and they act 
ax receptacles for cinder melting off the iron, both of which tend to purify it in a high degrer, for it 
must be remembered that this cinder is much superior to that in the puddling furnaces, Another 
advantage is that any bally puddled iron shows eryatal in cutting cold at the sheara into the 
sri ae required for t se pene Sa = ee out. The very great irregularities in the samples 
of hoop iron given in Table I. may be largely accounted for by the fact that they wi ; 
ie mane an ne er to fake atl ales, eee 
Table V. exhibits five different methods of working. The first upon the list, W.S., w 
out of the svlid, and though it is the highest in breaking striin, ae the threo a ony alias 
from the same puddled bar, it hes shows the diary amount of difference in this respect of any of 
the samples. W.T.W. was rolled off into puddied bars, piled and rolled again into flat bara, which 
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were again piled and finished at a third heat. It will be seen that it varies least of any in 
ultimate strength, from the different parts being so well blended. W.5 was rolled from five pieces 
of puddled bar without reheating, just as in the ordinary way, and except in the item of elongation 
it gives superior results to W.R.5, in which the only difference is that the puddled bloom was 
reheated before rolling. W.R.3 was well hammered twice and piled only three high, so as to have 
fewer welds. ‘Taking the contraction of area, which is 50 per cent., and the extension 25°8 per 
cent. over 10 in. length, along with the breaking strain of 23-1 tons a sq. in. of original area, 
it is the best given in the table; but as the analysis is also superior to any of the rcst, it would 
probably be misleading to attribute its excellence to the method of working. 

In the reversing rolling mills so largely employed in ironworks, serious evils arise from the 
shock occasioned by the clutches used. To remedy this, Ramsbottom introduccd a system of 
reversing by means of a pair of engines without a flywheel, whilst many devices, such as those 
shown at pp. 2113 to 2117 of this Dictionary, are in fuvour. All of these have, however, greatly 
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fallen short of affording the amount of gradual engaging action neccessary to prevent shock, whilst 
the application of Ramsbottom’s system involves a complete alteration of engines and gearing. 

The reversing gear of J. Head of Middlesborough, Figs. 1583 to 1590, is specially devised for 
the conversion of such exist.ng reversing gears into thoroughly efficient ones, without any funda- 
mental alteration, and without rendering useless any of the 1585. 
existing parts. The plan consists of the introduction of a loose 
face between each loose wheel and the clutch, These loose 
faces are bored out to the same diameter, and are curried 
upon the same portion of the Ioose axle as the spur wheels 
with which they are in contact. Cast in them are recesses 
B corresponding to, and engaging with, the claws of the sliding 
clutch, instead of those claws being made to engage with re- 
cerses in, or claws upon, the inner faces of the luose spur wheels 
themselves. Each loose face is made in two halves, firmly 
bolted together, so that one or both halves may readily be 
removed and replaced whenever necessary. Cast in the back of 
cach half of ench loose face is a recess, into which is secured an 
arm composed of bars of spring steel, and somewhat resem- 
bling one-half of an ordinary bearing spring, such as surmounts 
the axle-box of a locomotive. The extremity of the spring 
arm is held in a sockct A attached to the inside face of the 
loose spur wheel with which it is in contact. 

In Figs. 1583 to 1590, Fig. 1586 is a plan of the mill, Fig. 
1590 gection of tho wheel, Fig. 1583 aud Fig. 1588 a section 
of Fig. 1585. Dis a 12 ft, 2 in. loose wheel, F a 7 ft. € in. 
lvose wheel, ¢ e tho loose faces, 6 the loose axle, c sliding clutch, 
g fast and loose crabe, p pinions, 7 roughing rolls, r' finishing 
rolls, ? the reversing lever. 

In the act of reversing, the clutch is ordinarily thrown to one side or to the other, in order to 
communicate to the shaft, upon which it slides, the moti®n of cither of the loose spur wheels with 
which it engages, and which, by meaus of the whecl-work behind them, are permanently rotating 
at constant specds in opposite directions. Precisely the same takes place with Head’s reversing gear, 
except that the loose shaft acquires motion, not direct from claws, solid with the rotating spur 
wheel, but only as the force in the rim thercof can be transmitted to it, through the two spring 
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arms attached to the loose face. These spring arms yield to a certain extent, just as the spring 
hook of a locomotive does, when it suddenly endeavours to set a heavy train in motion. 

n ordinary reversing gear, the momentum of the loose spur wheels, the other wheels and shafts 
connected with them, and the heavy fly-wheel upon one of those shafts, all rotating at a considerable 
velocity, cannot suddenly be checked without injury. On the other hand, the loose shaft with the 
clutch upon it, and the rolls, ee and boxes, in connection with it, cannot be set into rapid 
motion from a state of rest, and this operation repeated several hundreds of times a day, without 
eventual destruction. By the introduction of the spring arms, Figs. 1583 and 1585, the only dead 
weight which is made suddenly to change its state of motion is the loose face, whose weight is cum- 

ratively small, and which, being made of cast steel or wrought iron, will wear for a considerable 
ength of time. 
The weighta which are suddenly set in motion from a state of rest, in this and in an ordinary 
‘reversing gear, adapted in both cases to a 22-in. plate mill, are— 
In Head’s reversing gear— 
tons. cwt. qrs. Ib. 
One loose face weighing oo oe heelhCUwelti(CizdaC‘<i‘zidt:C COCO 





In an ordinary reversing gear— 


Loose axle be See 166 8 0 O O 
Sliding clutch.. ..  .. . . . « | 11 38 O ‘ 
Fast and loose crabs attached to the end of 
the loose axles... .. ee wees 112 2 0 
Total .. 6 4 1 O 


To be set in motion at each reversing there are, besides the 6 tons— 


Ca 


tons. cwt. qrs. 1 


4spindiles.. ..  .. «2 «+ «es of ow 1 7 O 9 
T DOXKGB. 25. be eS we SR test Ge CMe 8 1 1 90 
Z2pinions .. .. «6 «+ « « «« « 8 4 O 18 
3 rolls sd es Se oe oe. ee ae. =e FS. 2 TL 8B 
Add asabove .. .. «2 ewes 6 4 1 #0 

Total .. .. 27 10 2 18 





without taking into account the upper chilled roll which is usually left uncoupled. Although the 
6 tons 4 cwt. 1 qr. in contact with the loose axle, is set into motion suddenly at each reversing, tho 
remainder, 21 tons, acquires motion only by a succession of blows, owing to the slackness of fit 
between the coupling boxes and the spindles, and the ends of the rolls. 

In setting in motion so considerable a weight, it is obviously better to do so by a series of blows 
than by a single onc; still, all shocks are mischievous. By introducing springs between the fly- 
wheel and the point of ultimate resistance, the minor shocks are mitigated, as well as the initial 
one produced by throwing in the clutch. The proportion of a revolution which the spring will 
yield, is about one-forticth. Head regards this as ample. He ascertained by taking numerous 
diagrams that the maximum force exerted in rulling an ordinary plate, amounted to a load of 
17 tons upon the engine piston moving at the rate of 272 feet a minute. This will be found 
equivalent to 7$ tons exerted at the extremities of the two spring arms, or 33 tons upon each. The 
spring arms at their base are composed of forty-four plates 34 in. wide and ,§ in. thick. The total 
thickness of the layers of plates amounts to 14 in., and according to the usual formula derived ftom 
experience with locomotive springs, namely ;— 


Pics BTI?N 
‘“i1-38' 

where 

L. = safe load in tons, 

B = breadth of plates in inches, 

T = thickness of plates in sixtecnths of an inch, 

P S = span of spring in inchea, 

an 


N = the number of plates at the thickest part of the spring, 


they are as safe as those springs ordinarily are, even when subjected to the maximum atrain 
which can ever come upon them in rolling. Should, however, the spring arms have failed to 
impart their motion to the sliding clutch and loose axle, after having yielded as much as they are 
capable of, as might be the case if a stoppage occurred at the rolls, then certain projections upon 
them come in contact with safety claws, secured, as in Fig. 1588, to the arms of the Joose wheels. 
This plan prevents any danger which might otherwise arise from breakage of the spring arms, or 
from these being drawn out of their sockets at their extremities. If the loose faces come in contact 
with the safety claws, as described, they become solidly united to the loose wheels, and in such 
cases the reversing gear becomes similar to those in commen use. In the case of the smaller loose 
wheel, it is necessary to carry out brackets beyond the diameter of the wheel to engage the ends of 
the spring arms iu contact with it, in order to obtain a sufficient length for elasticity, and in order 
to make the same duplicates applicable to either wheel. The spring arms with brackets might, in 
this case, be sometimes found to interfere with the outer carriage of the fly-wheel shaft supporting 
Se 
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the middle pinion. If it should be inadmissible to work that pinion, the carriage may be moved 
a little further from the pinion, and the spring arms allowed to work in the space between, close up 
to the naked fiy-wheel shaft. 

In various parts of the world iron ores are to be found which are very rich, but in 60 pulverized 
a state that they are difficult to deal with in the blast furnace; if theso ores can be uced to & 
useful metal by a chemical process they will effect an important addition to the quuntity of iron 
available for industrial uses. There are several methods of effecting this by producing a kind of 
sponge, and although this process will not affect the production by means of the blast furnace, it 
is undoubtedly valuable where the fuel is of a friable and the ore of a refractory nature. If it is 
attempted to reduce a very refractory ore with such a fucl in the blast furnace the result is almost 
certain to be a failure, wherens by a little extra trouble and remelting of the sponge a yield can be 
obtained almost as good as by the ordinary smelting process. With regard to the objection that 
iron sponge takes up sulphur, no doubt it is very sensitive both to oxidation and to sulphur; but 
it is the opinion of many metallurgists that coke, containing, say, $ per cent. of sulphur, does not 
much affect the sponge or the metal melted in the cupola. 

In the Blair process for the manufacture of iron sponge, the reducing furnaces when first erected 
were designed to work when the ore under reduction took about 30 hours to bring to a metallic state. 
Blair discovered, however, that by the addition of a small quantity of alkali to the carbonaccous 
matter mixed with the ore, the action was quickened toa remarkable extent, and that the reduction 
when alkali was used could be reduced to & hours. Subsequent investigation showed that lime in 
an fallen state answered well, and from its cheapness was most suitable for the purpuse ; the quantity 
required was quite insignificant when placed aguinst the great saving in time. 

In Blair's plant as at first constructed, exch reducing furnuce consisted of a group of 3 vertical 
retorta. about 3 tt. diameter and 28 ft. high, surrounded by brickwork, leaving a combustion chamber 
between the mside of the brickwork and the outside of the retorts, which with the outside brick- 
work stood upon a cast-iron entablature, supported on columns 12 ft. from the ground. Below the 
entablature, and forming a continuation of cach retort, were wrought-iron evlinders surrounded 
with water juckets, and having at their lower extremity a sliding sleeve for discharging the sponge. 
In the tup of each retort a cast-iron pipe 2 ft. in diameter and 6 ft. long was inserted, lcaving a ring 
of 6 in. between it and the inside of the retort. 

The retorts were heated externally by gas jets, the air for combustion being supplied through 
apertures immediately above them, When the retorts were thoroughly beated and in working 
order, the gas generated from the ore under reduction ascended up the inside of the pipe inserted 
in the top of the retort, and = on 
meeting with air, flamed = and so 
- heated the pipe. The ore and car- 
bonaceous matter were fed into the 
retort down the 6-in, ring between 
the retort and pipe, and, forming a 
Narrow column heuted on both sides, 
was thoroughly heated before reach- 
ing the wide retort below, which it 
entered at a uniform heat, and hence 
uniform reduction was the result. 
With the new plan of working, how- 
ever, this part of the furnace would 
not suit, the quickened action of 
reduction taking place in the body 
of the retort below, since the ore 
could not be heated as quickly as the 
reduction took place. 

Blair eventually abandoned the 
system of external heating and 
adopted that of passing a streain of 
hot carbonaceous oxide through the 
mass of ore and carbonaccous matter ; 
he constructed a vertical retort, Fiva. 
1591 and 1592, made of fircbricks 
with an external wrought-iron casing, 
standing upon a cast-iron entabla- 
ture supported on columus; the re- 
tort is continued below by a wrought- 
iron cylinder with a water jacket. 
Aud at the lower extremity is a coni- 
cal mouthpiece and valve, so that 
the iron sponge can be discharged 
into any receptacie placed beneath. 

The lower part of the retort from 
where the gas is admitted is larger 
than the upper portion. This is done 
so as to form an overhang immediately above the aperture where the gas is admitied, thus furming 
a chamber round the mass of ore, and allowing the gas to permeate it uniform] 

g g I it uniformly. At the top 
of the retort is an outlet for the escape of the gas after ing through the ore, which ia connected 
by @ Sormzonte Haren vertical one descending to the ground, and there connected to the 

1a. okt orizontal pipe above named a steam jet is insertod, so as to form a 
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vacuum in the top part of the retort, to induce a regular current of gas through the ore. The 
retort is fed by an ordinary bell-hopper. 

The carbonic oxide is generated in a gas-producer placed a few feet from the reducing furnace 
and connected to it by a flue of sufficient capacity. The gas-producer is circular in section, formed 
of wrought-iron plates, lined internally with firebricks, and standing on an entablature, and 
suspended from it is a wrought-iron continuation, tapering to a conical discharging valve for 
allowing the ashes to be from time to time removed. 

Apertures for admitting air for combustion in the gas-producer are placed in its circumference, 
fitted with slide covers to regulate the admission of air. 

In the United States, Blair uses the Ponsard gas-producer, but Ireland employs the circular 
one just described, and finds it answers the purpose equally well. 

The object of using a carbonic oxide gas is primarily to supply heat to the ore to be reduced. 
What reduction is effected by the gas is a secondary matter; and in this point the process differs 
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from other attempts where carbonic oxide hak been used solely for reducing the ore. It will be 


seen that in using the steam jet to induce a stronger current of gas through the ore under reduc- 

tion, the temperature in the gas-producer will be increased, and the gas in time become hotter than 

i hepa the result being that the mass against which the gas impinges in the reducing furnace, 

being almost entirely metallic, would become welded together, and so interfere sng oe regular 
a 
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working of the furnace. The gas, after passing through the reducing furnace, is still almost entirely 
carbonic oxide, and on passing by the steam jet becomes mixed with steam; in order to condense it, 
@ water spray is introduced at the top of the descending fiue to the chimney. A little above the 
air apertures in the gas-producer are two pipes connecting it and the descending flue, so that some 
of the gas which has already passed through the reducing furnace can be again sent through the 
gas-producer, and used over again, and at the same time cool down its temperature. 

By regulating the slide covers of the air apertures in the gas-producer, and the damper in the 
flue to the chimney, an equal quantity of air and gas can be supplicd to the producer. It is found, 
in practice, the two can be so regulated that an almost uniform temperature can be maintained in 
the reducing furnace. 

The fuel used in the gas-producer is coke, which should be as pus as possible. In experiment- 
ing on this process with some Indian maynetic ores, very rich and pure, and containing over 70 per 
cent. of metallic iron, which had to be reduced with very poor coul containing 15 per cent. of ash 
and 10 per cent. of water, besides pyrites, Ireland devised the arrangement, Figs. 1593 and 1594. 
Here the inserted pipe has been abandoned, and this part of the retort divided into a number of 
smaller pipes, so as to present as small a column of materials to the action of the heat as possible. 
A small furnace, some 21 ft. in height over all, was erected on this principle, with a reducing retort 
about 18 in. diameter and 10 ft. 6 in. high, and a cast-iron pipe on the top 84 in. diameter to 
heat up the ore. Some 20 tons of the Indian ore has been operated on, and iron sponge of uni- 
form and excellent quality produced, part of which has since been made into first-class tool-steel, 
and some of it melted into pig metal. Where the ore is rich and pure, iron sponge made from 
it by thia process can be at once made into tool-steel. In the case of ore which is not so 
rich, but still suitable for steel, Ireland is of opinion the best way to utilize the sponge is to melt 
it in a cupola furnace into pig metal, aud while in a molten state to pour it into a Siemens-Martin 
furnace. From the natare of the particles of iron in the sponge being so minute, it cannot bo 
balied up in any ordinary balling furnace without considerable oxidation; it is stated, however, 
that if melted in a cupola furnace, the resulting metal, containing but little carbon and silicon, 
if conveyed in a molten state from tho cupola to the puddling furnace, cin be brought to nature 
with but very little rabbling. 

LIFTS, HOISTs, AND ELEVATORS. 

The various forins of lifts, hoists, and elevators are subject to constant change to suit the 
particular purpose for which they may be required. Those described in the present article 
illustrate some of the important forms which are of recent construction. 

Figs. 1595 and 1596 are an elevation and plan of a fine sixty-ton steam crane, constructed by 
Eastons and Anderson, of London, for a large steel-works. : 

The crane is 28 ft. high with an extreme sweep of 24 ft.; it consists of a wrought-iron vertical 
pillar, to the upper end of which is attached a horizontal arm, supported further by a wrought-iron 
diagonal strut. The pillar terminates at the lower end in a cast-iron pivot 13 in. in diameter, 
working in a cast-iron bed plate fitted to the foundation about the foot of a power hammer 
standard, while the upper end is of cast steel, rotating in a socket secured into a wrongbt-iron 
crane frame which surrounds the hammer, and has already served to support the lighter cranes. 
This pivot is made hollow in order to allow of the passage of the steam and exhaust pipes of the 
engines. The hoisting gear is actuated by a pair of engines having cylinders 8} in. in diameter, 
10 in. stroke, bolted to the back of the vertical pillar. A pinion on one end of the crank shaft gears 
into a train of wheels which, reducing the speed 63 to 1, communicate the motion to a pair of 
ordinary close-linked 1}-in. chains, by means of a pair of recessed drums over about one-fourth of 
the circumference of which they lap, their free ends falling down to and coiling in the bottom of the 
vertical pillar. while the bight is passed over the three paira of shcaves of the travelling carriage, 
and two pairs of sheaves in the falling block, the bight passing round a small horizontal sheave in 
the extreme end of the jib. By this means a uniform tension is always ensured on the chain, and 
the space required by ordinary chain barrels is saved. On the opposite end of the engine sbaft is 
keyed a brake, actuated through connecting rods and levers by the foot of the attendant. The crocs 
traverse and the rotation of the crane are effected by a separate single engine having a cylinder 
6} in. in diameter, 8 in. stroke, wit): a small fy-wheel and link motion. On each end of the ernank 
shaft, and running lvose on it, is fitted a worm capable of bing thrown into gear by a clutch, an 
conveniently arranged spring hand-lever. : 

The cross traverse worm gears into a train of wheels 240 to 1, which gives motion to a spiked 
pulley and by its means to a short pitched chain coupled ty an ordinary 1}-in. chain, which, passing 
over suitable pulleys, has either end shackled to the traversing carriage. The worm for rotating the 
crane actuates a train of wheels 133 to 1, and communicates motion to a pinion, engaging into an 
infernal annular segment, bolted to the bse plate carrying the lower pivot of the crane. All tho 
motions are controtled by one man from a small platform secured to one side of the vertical pillur 
inside of which the steam and exhaust pipes are also arranged. For the purpose of turning the 
forging, strong claw chains hang down on each side of the falling block und bovuk into the 24-in 
eat a aie bight of which the object to be forged is laid. aie 

ig. 1597 represents a steam derrick crane, designed and erected at Renfrew 
Barr, of Glusgow, to lift and work a load of 50 tons. The jib is tubular, and - Sra sr 
boiler plate, with a plate of the same thickness running on edge two-thirds of its length and 
braced diagonally with angle iron, ita length is 70 ft. and it weighs 15 tons. The stays are of the 
pagal es _ the a priate pee of thecrane is a double engine with 8-in. eylind 
which is placed in the centre of the framc, and a single cyli yj 9 j i 
lifting Oe the ‘ib. Cc, gle cylinder engine of 9 in. for the slewing an 

Travelling steam cranes form a considerable proportion of the li i 
heavy weights upon contractors, dock and similar work. and hy ce ea ibe 
weight of the builer and its fittings balance the jib, whilst the engine maintains equilibrium in the 
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centre over the travelling platform. Fig. 1598 is a side elevation of a crane of this description 
made by T. Smith, of Rodley, near Leeds. Fig. 1599 being an end view on a much enlarged scale. 
The design whilst presenting no very novel features is very compact and satisfactory. The pro- 
portions are good, whilst the arrangements for cnabling the attendants to work the acting levers 
and attend to the machine are excellent. 
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Figs. 1600 and 1601 are the side and end elevations of what is termed a radiating Steam 
Hercules, used at the Jersey Harbour Works under Imrie Bell; this, as will be seen, radiates 
on a back pivot; the rodiating framework bears upon six wheels, working on a steel rail bent 
in the form of a segment of a cirelo, the chord of the arc of radintion being 50 ft. The wheels, 
cast of crucible steel, are placed underneath the front frame; the load, consisting of 15-ton 
blocks, is lifted in the bite of a l-in. chain, the carriage supporting the pulley being racked 
in and out over the girders by means of an endless steel] wire rope. The whole machine is 
propclled along a line of way having a gauge of 24 ft.; there is thus sufficient space, as 
well as headway, for the passage underneath of locomotives and trucks conveying blocks to the 
extreme end of the work, where the latter aro to be lifted by the Hercules before being Jaid in 
position. All the motions for propulsion, lifting, and lowering blocks, and racking the carriage in 
and out, are given by a pair of horizontal engines, which, with their vertical boiler and feed tank, 
serve to counterbalance the overhang; any additional balance required being placed in the tank or 
on the tail end of the machine. These various motions are under the easy control of one man, who 
is also able to attend to tho firing of the boiler. 

The timber is of pitch pine, and the ties of good tough iron. The framing is perfectly strutted, 
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irecti i i i trut and 
nd braced in every direction, so as to obviate auy risk of failure. The strains of every 8 
tie were carefully Culoulated, Bo that, although the machine is a very light one for ie hi it _ 
called upon to perform, it has been found very steady in actual operation. It also works with grea 





The test load of 50 tons was lifted and swung round at ao radius of 46 ft. from centre, without 


the crane showing the slightest perceptible deflection. The snatch block weighs over 2 tons, to 
ensure the overhauling of the chain. 


Figs. 1602 to 1606 are of an automatic self-sustaining crane by T. Thomas, of hag A Tydvil; 
oO 


Fig. 1602 representa in horizontal section a hand-worked lift, suitable for warchouses, hotels, and 
the like, where a heavy load is to be raised or lowered. To one end of a horizontal shaft A, 
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working in fixed bearings D’ and D”, a pulley C is fixed; over this ulley an endless chain or 
rope is passed, by drawing down one or other sides of which, motion in ifferent directions is given 
to the pulley C and shaft A. The pulley end of the shaft works directly in its bearing D", but 
the other ond takes into a sleove, a contracted part of which constitutes the neck at that end of the 
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shaft which works in the bearing D’. Thus the end of the shaft carrying the pulley can both 
rotate and slide, while the sleeve constituting the other end can rotate but cannot slide in its 
bearing D’. To the end of the sleeve a hard brasa nut F is fixed, having a quick-threaded double 
screw formed in it; the part of the shaft A fitting in this nut has a corresponding quick-threaded 
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screw, the shaft and nut thus constituting a screw-box and screw engaged with one another. 
When the shaft is turned in a direction proper to drive home a screw, the sleeve being at the same 
time stationary, the screw advances in the sleeve, the neck of the shaft at the pulley end permitting 
of a sliding motion in the shaft A. The chain or rope by which the load is raised or lowered runs 
in a sheave U, keyed on a cuuntershaft D, and is connected with the driving shaft A by a spur 
wheel T working in a pinion M, 
which forms part of a drum L 
working freely on the shaft A. 
This drum has at each end a disc, 
the disc K’, at the end the least 
distant from the pulley end of the 
shaft A, being larger than the other. 
The face of this large disc K’ is 
opposed to another of the same size 
K carried by the sleeve. The 
sleeve disc K has an annular pro- 
jection on its face, which takes into 
® corresponding depression in the 
drum disc K’. When the larger 
drum disc K’ is pressed against the 
sleeve disc K, by means which will 


be described, the frictional contact hig { ie BN 
of the two causes them to rotate eco |. M.| Bae Se 
together. = eS SSS Set 


The pressure necessary to make 
the drum L rotate with the shaft 
A in a direction proper to raise the 
weight on the sheave U on the 
countershaft B is as follows. The 
screw end of the shaft A terminates 
in a reduced part, having a fine 
screw H” at its end, fitted in two 
nuts H and H’. Sliding upon the 
screwed part is a strong metallic 
washer G, which fits loosely in a 
cylindrical box which forms the 
expanded termination of the sleeve. In this box is a volate spring, through the centre of 
which the shaft A passes. By screwing up the nuts H H’' on the reduced screw of the shaft, the 
spring can be compressed more or leas between the washer G and the nut F. The compressed 
spring reacting on the washer G, and through it on the shaft A, draws the shaft into the sleeve nf 
& screwing motion. The pulley end of the shaft has a collar P piuned to it, and when the sh 
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advauces, this collar advancing with it presses the lurze drum dise K’ agoinst the sleeve dise K, and 
produces the required friction between them to cause the drum L to rotate with the shaft. In 
tuldition to the drum L and its discs K’ and N, working loosely on the shaft A, and the collar P 
pinned to it, the shaft A carries another small disc O, opposed to the disc N of the drum L. This 
emall disc O has a pad or cushion of indiarubber let into it, with a thin metallic washer on its 
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surface against the disc N. This contrivance regulates the too sudden stoppage of the descent 
of the weight when the friction discs grip one another. Both the sleeve disc K and the loose 
disc O are provided with ratchet wheels Q and Q’. Pawls S 8’, which are rendered noiseleas, 
engaging in these ratchet wheels, prevent the rotation of the sleeve and loose discs K and 
O, excepting in the direction proper to raise the load. When the parts are in their normal 
positions, and the endless rope over the pulley C is drawn down on the side proper for raising 
the load, the shaft A and all the parts carried by it rotate together, and when the endless 
rope is loosed, the load being raised remains suspended at any height to which it may have 
been brought, the ratchet wheels Q and Q' and pawls S and 8’ preventing the backward motion of 


1603, 1604. 
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the shaft. When it is wished to lower the load, the endless rope on the pulley C is drawn down, 
on the side opposite to that by which the raising motion is produced, so as to give the shaft Aa 
backward motion. As the sleeve is prevented by the ratchet wheel P and paw! 5S from rotating in 
a backward direction, the screw of the shaft A rotates in the screwed nut F attached to the sleeve, 
and the shaft performs a retiring sliding motion, thereby relaxing the pressure by which the larger 
drum disc K’ was held against the sleeve disc K, and allowing the drum L to perform a backwurd 
or unwinding motion, under pressure of the luad acting by means of the spur wheel T upon the 
pinion M. The small loose disc O produces by the elastic pad in its face, such an amount of friction 
as suffices to regulate the backward motion of the drum L, and the descent thereby of the load. 
Immediately the endless rope is liberated, the shaft A, by the expansion of the spring at its 
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screwed end, isdrawn through the sleeve und brass nut F, the drum L is firmly gripped, the descent 
of the load stopped, and the apparatus again ready for raising. The enlarged elevation, Fig. 1603, 
shows the construction and action of the noiseless pawls it and R’. In the countershaft B an 
annular groove is made in which a friction pin is placed, the bottom of the pin being made to bear 
forcibly against the bottom of the groove by the strong spring 8S os the u oad side of the pawl. 
Over the acting end of each bow is a stop for limiting its ae en the lift is raisin 
the load, the countershaft B is sufficient to cause the pawl B to be lifigd from its ratchet wheel 
and bear against the stop. As soon as the motion of the shaft B is rest for lowering the load 
the pawl R falle,and, engaging with the ratchet wheel, prevents the backward motion of the part to 
which the ratchet wheel is connected. Both pawle R and R’, Fig. 1602, act simultancwusly. The 
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engaging of the pawla with and the disengaging of them from their ratchet wheels is automatically 
effected. and the ratchet mechanism is noiseless. Figs. 1604 to 1606 show the form in which the 
principle is applied to hand cranes. ; 

- Fig. 1607 is an outline elevation of Baldwin's lift mado by Otis Brothers, of New York. 
Fig. 1608 is a sectional elevation, to an enlarged scale, of the cylinder piston valves, and connections 
of Fig. 1607; and Figs. 1609 to 1611 are sectional views, to a somewhat larger scale, of the valve 
devices of Fig. 1608, showing the positions of the valves as adjusted for different purposes. 
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A portion of the lifting rope is represented at T. This rope # over the pulley in the L____ 
way, and thence any desired number of times round the fixed and movable pulleys W W’, of which 
more or less may be used, as desired, and its end is made secure. The movablo pulleys W 
are connected by a stirrup p with the double piston stem B’, which latter, passing through stuffing 
boxes into the cylinder A, is connected at its opposite end with the double piston rf C. Tho 
cylinder A is made in two parts, or is divided into two compartments or chambers ua‘ by means 
of a transverse diaphragm, at or about midway between its two ends. The piston heads BO 
work one in each chamber. Both are attached to the same intermediate stem, so as to receive the 
same motions. The stem passes through a stufling box, and in the diaphragm is a port opened and 
closed by any suitable form of valve. Supply and discharge ports P P' are mado near the ends 
of the cylinder A. 


The valve case D has a valve chamber d, of cylindrica] form and lined ; in the lining are perfora- 
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tions covering the ports ¢u. The port has a pipe communication P with the cylinder port A). 
The port u, by a pipe or passage P’, communicates with a cylinder port at the upper end of the 
chamber a’, and the port R ¢ is connected by a pipe P? with the cylinder port A’, 

In the valve chamber D are arranged a series of disc-shaped valves, s s‘,on a common stem. 
These valves are provided with cup-leather packing, and the stems project outside of the valve case, 
eo that the valves can be shifted by rack and pinion +. Water under pressure is admitted at m. 

The valves in the valve case D receive their motion, through a rack and pinion i, from an 
operating wheel G, which is moved so opal rienced to shift the valves by an operating cord in the car. 
A. hand hole, covered by a cap, is provided in the side of the cylinder A near the central diaphragm, 
for convenience in packing the stem and the piston head B. The lower open end of the vaive 
chamber constitutes a waste port. The apparatus has also an open water passage g, from the chamber 
a cen ro em to the chamber a’, below or outside of the utmost point of motion of the 

iston head C. 
: When the operator in the car desires to raise the car while empty or with only a light load, he 
works his operating cord so as to bring the valves in the position Fig. 1608. 

Both chambers a a’ are preaumed to be full of water under pressure, as also the communicating 
pipes. Full water pressure will then be effective on the upper side of the piston head B, and 
water below the piston head C will flow out frecly at v. The valve e prevents the supply from 
escaping at the waste port below it. Water from below the piston head B will open a valve 
indicated by an arrow in the upper part of the case a’, and flow through the port so as to fill the 
space vacated by the piston C as it moves downward, the latter acting, perhaps, somewhat as a 
pump piston to draw the water through. The residue, if any, of water under B will pass through 
y to the waste port. To work the apparatus with maximum effect in raising hcavy loads, the 
wheel G is turned so os to shift the valves to the position Fig. 1610. In this adjustment the ports ¢ 
and uv are brought into communication, and water in the pipe R, which is continuously under 
pressure, is free to pass from the port ¢ between the valves s and e’, through port u, and into 

ipe P’, and by port y’ into the upper end of the lower cylinder or chamber, and above the piston 
head ©. Water pressure will then act effectively on top of the piston head B, as before; also, the 
water pressure, entering at 1’, will close the middle valve and act with its full force on the upper 
side of the piston head C, the water below B escaping by g and P as before, and water below C 
escaping at P, in both cases without resistance. The effective force of the water pressure is thus 
obtained on two cylinders instead of ont, practically doubling the power of the apparatus. 

Yo lower the car, the valves are shifted to the position Fig. 1609. In this adjustment the 
valve s is below the eseape port, so that the waste is entirely cut off; also, both ports wv and ¢ 
are brought into communication with the port r. The car, then being sufficiently heavy, or being 
counterweightod, cumes down by its own ygravity. Water above the two piston heads flows by ports 
tv into the chamber a’ below the 
lower piston C, and a portion of 1612. 1613. 
it passes up g into the space — 
below the upper piston B. By 
raising the valves a little, the 
port vt can be partially closed, and 
the circulation of water from 
above to below the pistons can 
thereby be so choked as to pre- 
vent a ton rapid descent of the 
car, should such danger occur. 
To stop the cur at any time it is 
only necessary to bring the valves 
to the position Fig. 1611. The 
discharge is closod by the valve 
8, and the circulation from above 
the pistons to below them is pre- 
vented by the valve sa’. In all 
the adjustments described, the 
valves are balanced as regards 
water pressure; but if such is 
not desired, the valve s’ may be 
omitted, the end of the valve 
chamber being closed by a cap 
made with a stuffing box for the 
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valve stem to play through. , SE ee eS os 

Two types of Harrison's com- <<“ 
pound jacks are shown in Figs. 2 2) : 
1612 to 1615, one hydraulic, the aera: ue 


other screw. The hydraulica aro 
made to run out two-thirds their height; therefore a jack standing 22 in. when down, would stand 
44 in. run out, so that they give a clear lift of 22 in., one ram rising and falling inside the other. 
They will lift from close to the ground, and work in any position. The pimp and working parts 
are all contained in the jacket, which also forms the reservoir or tauk, which will contain three 
times the amount of liquid required, thus saving time in refilling. They can easily be examined 
and repaired, as the valves can be taken out without touching the pump or gearing. The rams 
are niede of fagoted iron, and the foot forms a guard or stay, thereby preventing the rams from 
bending or etree ; 

Figs. 1616 to 1619, refer to an ingenious arrangement of that class of elevators in which a series 
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of cages suitable for receiving passengers or goods are kept in continuous motion, ascending on one 
ace ar gaa on the other side, such as are commonly used in large suits of offices, hotels, 
an e like. ; 

The cages are carried by an endless chain passing around chain wheels at the top and bottom 
and one of these chain wheels is driven by an engine which is suitably controlled. The cages 
stand in front of the chain, and are suspended by means of sling links introduced into the chain at 
the places required. There is a sling link for cach cage, and the link carries a pin projecting out 
from it horizontally and at right angles to the plane in which the chain travels. This pin enters 
an eye formed for it centrally in 
the back of the cage, at the upper 1619, 

rt, and by it alone the cage 
anga. Both in ascending and in 
descending the cage is guided by 
rollers or small wheels running on 
guides of angle iron. One pair of 
rollers carried by arms on the sling 
link controls the tendency of the 
upper part of the cage to fall for- 
ward, and at the same time steadies 
ibe cage laterally. 

Another pair of rollers upon an 
axis fixed to the lower part of the 
cage, and running upon other angle 
guides, set in front of the first pair 
of guides, prevents the lower part 
of the cage tipping towards the 
back, which, if free, it would do, in 
consequence of the point of suspension being in rear of the centre of gravity of the cage. Thus 
the guiding of the cage is effectually provided for so long as the cage is in the straight part of its 
path, but when the cage is passing from side to side at the top and at the bottom, further pro- 
visions are requisite to control the lower part of the cage. 

The sling tink when it passes on to the chain wheel, either at the top or at the bottom, becomes 
securely held, aud as the link is carried round, the arms bearing the rollera remain radial to the 
wheel, and the rollers consequently roll accurately around the guides as they curve over or under 
the chain wheel, but at the bottom of the cage, the wheels being on an axis which remains always 
horizontal, would not roll around curved guides; these guides are therefore discontinued at the top 
and bottom, and the control of the lower part of the cage is eff-cted by a wheel at a suitable dis- 
tance below the chain wheel. This wheel is connccted with the chain wheel by gearing, so that 
it revolves in unison; it has recesses in its periphery, and as each cage comes round a strong stud 
with suitable collars upon it fixed to the back of the cage, near the bottom and vertically beneath 
the puint of suspension, enters one of the recesses in the controlling wheel, and so the bottom of the 
cage becomes held and the wheel carries it round in its proper course. The guides for the lower 
rollers are provided with self-acting traps, near their lower ends, to allow of the passage through them 
of the projecting portion of the sling links by which the cages are suspended. 

Fig. 1616 ia a vertical section of the ciges with other parts for thi#arrangement, and Fig. 1617 
is a plan partly in section of the samc; the eage H is uo strong case open in front, and bas an iron 
bar //’, serving as a backbone upon which it is built, and when it is intended for the conveyance of 
passengers it is of sufficient height to admit of a man standing erect within it. 

At the upper end of the bar H’, and to the back a long bearing is fixed, to receive the horizontal 
pin FE’, by which the cage is suspended; the pin is fixed in the middle of one of the links of the 
chain, called the sling link. It also has two arms projecting outwards from its centre at right 
angles to the length of the link, and at right angles to the pin, and these arma serve as axles for 
the guide rollers G, which roll along the backs of the angle-iron guides B B, and so control the 
tendency of tho cage to tip forward at the top. The guides are curved round, so that a continuous 
bearing surface is provided for the rollors. 

At the lower end of the bar of the enge a horizontal axle A’ is fixed, and upon it are the guide 
rollers 4; these roll along the front of the ungle-iron guides and so control the tendency of the 
lower part of the cagu to tip to the rear. The guide rollers 4 leave the guides C when the cage is 
at the top and bottom, the guides stopping short, and at these places other means are provided for 
controlling the lower part of the cage. The stud fixed to the bar H’ at its lower end, as the cage 
comes round, engages with large whcels entering notches which are formed in the periphery of 
them for its reception. i 

Iu order to avoid the necessity for the controlling wheels and studs, the axis of the lower pair of 
rollera can be arranged upon a pivot on the back of the cage, kept parallel to the roller arms of the 
Bling link by means of a pair of sprocket wheely, connected by long links in such a way that any 
wotion of one wheel is communicated to the other. The axis of the lower roilers is continued to 
near the centre line of the apparatus, and has at the end a stud which at the upper and the 
lower end of the course of the cage enters between guides provided for it. In this arrangement the 
guides for the lower rollera are continued round the top and the bottom, in the same way as the 
guides fur the top rollers are carried round from the ascending side to the descending side. 

Fig. 1618 is a front clevation, and Fig. 1619 8 plan of an elevator constructed in this manner. 

The guides fur the top guide rollers are carried by the sling link in the manner already 
Gescribed, with tho difference that in this arrangement the guides are eet closer together, an arrange- 
ment which admits of flat guides without side flanges being employed ; f slows the guides for the 
bottom rollers. Lower guide rollers aro carricd by a movable quadrant, which is pivoted to the 
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back of the cage, and has rollers which run upon the guides. These, like the top guides f, are con- 
tinuous, being curved or arched round at the top and bottom. The rollers are made to roll truly 
around the curved course, and the requisite movement of the quadrant is obtained by connecting 
it with the sling link, in such manner as to keep the axles of the top and bottom guide rollers 
always parallel the one to the other. One sprocket wheel is mounted upon the sling link around 
the point of suspension of the cage, and the other upon the pivot of the quadrant. 

In order further to control the movement at the top and bottom and ensure the guide rollers 
remaining upon the guides taking a truly circular course around a central point, the quadrant 
is continued to the centre, where it terminates in a T or crosshead. At the ends, both at top and 
bottom, the guides f are adapted to receive this crosshead to guide it to the centre point and thero 
retain it whilst the turning motion is taking place. 

The guides have openings at the points where they are crossed by the path of the axis, from 
which the cage is suspended. The openings at the top need not be provided with traps. At the 
bottom, however, small counterbalanced trups at g are so arranged as to yield to the total pressure 
of the parts they are intended to allow to pass. 

LIGHTS, BUOYS, AND BEACONS. 

The Corbitre Lighthouse, Jersey, is an excellent example of the use of concrete in such 
structures. It was constructed under the superintendence of Imrie Bell from the designs of Sir 
John Coode. The Corbitre Rock, upon which the lighthouse is erected, lies off the south-western 
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point of the island of Jersey, Fig. 1620, in latitude 49° 10’ 40” north. longitude * 50” 

is distant from the mainland about 1600 ft., is isolated at high water ofall rel aha ee 
over a ledge of rocks, shortly after half ebb tide up to nearly half flood of each tide, when the sea 
is smooth, not a matter of frequent occurrence in this exposed part of the island. This rendered 
necessary, as one of the works connected with this undertaking, the construction of a tidal cause 
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way to ensure the safety of the lightkeepers on their passage to and from the lighthouse. The 
range of tide on this coast is 32 ft. at ordinary springs, and 23 ft. at ordinary neaps. 

The site chosen for the lighthouse being inaccessible by land, a road of access was necessary 
exteuue over 4 mile in length; and along with this were constructed dwelling houses on the 
mainland for the lightkeepers, with the necessary storehouses and outbuildings. 

The tidal causeway exceeds + mile in length, is 6 ft. in width at the top, and is formed of two 
side walls built of granite blocks, with a batter on the sides of 1 to 2, the height varying from 1 ft. 
to 8 ft.; the blocks are hammer-dressed on the face, and laid on level beds in cement mortar. The 
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spaco between the walls is filled with Portland cement concrete, in the proportion of 8 parts of 
shingle and coarse sand to 1 part of cement; the upper 8 in. being made stronger and finer, in the 
increased proportion of 4 parts of shingle to 1 part of cement. 

The action of the sea during gales rons any great accumulation of seaweed upon the surface 
of the cuuseway ; and a sprinkling of hot lime iu calm weather, afterwards brushed off with birch 
brooms, is found sufficient to prevent any growth. 

The landing of the matcrial from the barges on thoir arrival from St. Helier, when moored in 
the deep-water channel, was carried out by an overhead ropeway from the main rock, at the foot of 
which were the stores and workshops, to the patch of rock on the opposite side of the channel, care 
being taken that sufficient headway was allowed for working the barges underneath, Fig. 1621. 
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The rope suspended between. the two rocks formed the ropeway. The Sphere Ppreciaauaye ange 
ock an e wo side 


wheel with a grooved tire, which travolled on the rope, supporting a t 
checks for adjusting the height with s hook for carrying the bag or basket of material. This wheel 
with tackle is pulled along the ropeway by a «mall endless wire rope wound round a drum, 


worked with a small windlass, Figs. 1680, 1631, by two men. An improvement was effected 
by having a double rope from the landing platform out to a little beyond the position whore the 
barge was intended to be moored, where the ropes were fastened to a crossbar, and from thence 
continued to the patch of rock by a single rope, which, in order to give additional height was 
passed down to the rock over a pair of sheer legs. A double line of ropeway was thus formed, from 
the position which the barge would occupy when moored, to the landing place on the main rock. 
The main rope, secured to an eye-bolt lewised into the rock, was stretched from the apex of the 
sheer legs over the position of the barge; at this point it was secured to the centre of the crossbar, 
from the ends of which two ropes were fastened, and carricd parnllel to each other to the main 
rock, and firmly secured to it, after passing over the guide pulleys. At the ends of the ropes 
blocks and tacklea were placed, to tighten or slacken them as might be required ; and upon those 
ropeways the travelling wheels with suspended tackle and houvks for carrying the material, 
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Figs. 1632, 1633, were ran to and fro by means of the light endless wire mpe, worked by the 
windlass. The wire rope, Fig. 1621, after two turns round the drum, passed up ier a guide alley, 
Figs. 1634, 1635, and wus fastened to one of the travelling wheels; it was then conveycd under ono 
of the ropeways and round a guide pulley fixed to crossbars. Returning under the other ropeway 
it oe a to Tae ae sebaple t be ane vere on to the shore or main rock, over a guidy 
pulley, and round the drum ; 80 that while the loading at the b d bei roceed i 
the Leet ie at the shore end was going on at the same fas hi icniaeaaiaa eee 
The platform upon which the lighthouse is erected is 9 ft. high, and is formed of THA, 
from which the tower, with moulded base and cap, rises. This tower is bea haleony 
eis an aoe ee above ye " nn lee provided with na dioptric illuminating apparatus 
of the second order, showing a fixed light extending ov > of $ : dp 
ee the ase a occupied by a dioptric ne aaa pee tees aero owe 
rom seaward, between the ings of Kouth by enat through enst. to north | 
is white. Inshore of the eastern limita of the white light two Soins of “ted light See eal ibaa. 
one to the north-castward, for marking the shoal ground of the Rigdon Bank, and thence land- 
wards; the other to the south-eesteand. marking the Vrachires and the adjacent dangers landwards, 
through angles of 82° and 88° respectively. The red arcs are produced by shades of ruby glass 
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attached to the lantern, which is 7 ft. in height. The light is 135 ft. above the mean level of the 
sea, or 119 ft. above high water of ordinary spring tides, and is visible for a distance of more than 
18 miles. The lamp is a pressure one, with the weights arranged below the body. The burner is 
of the Trinity House type, has three concentric wicks, consumes paraffin oil, and gives a light of 
about 200 standard candles. The lantern, by Chance, is of ordinary construction, except that the 
wall of the tower is carried a little higher than usual, and that the cast-iron pedestal is reduced to 
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an equal amount. The inside diameter of the lantern pedestal is 10 ft. Outside ‘a fog bell, 
weighing 5 owt., is fixed, by means of a wrought-iron plate bracket, strengthened with angle irons, 
and stayed to the masonry of the tower. 

As the concrete of the tower, Figs. 1622 to 1627 was laid in situ, all the material had to be con- 
veyed from the concrete mixing-floor at the level of the workshop, which was fully 50 ft. below the 
buttom of the platform, to the top of the rock, and then hoisted to the course under construction. To 
accomplish this an inclined railway, with siding on the 3-ft. gauge,,was laid upon longitudinal 
timbers, fixed firmly to uprights secured to the rock, from the conerete-mixing platform at the 
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dept up to the site of the tower. Hore a steam hoist was erected, and so arranged that when tho 
trolly, with tipping skip, was hauled up to the top of the incline, it was in position for dircot lift, 
which was effected by unhooking the chain from the trolly, and attaching it to the skip, when it 
was hoisted to the height required. Tho rod chain suspended from the traveller at the top of the 
scaffold, adjusted to proper. longh by removing or adding a link rod, to suit the courses of the 
masonry of the tower, was then attached to the hook of the skip, the crab chain was slightly 
slackened, and its hook relieved, and the skip was run forward over the centre of the tower, and 
the material tipped on to the banker, which completed the operation. The empty skip was drawn 
back into position for lowering by the counterbalance weight, the crab chain hooked to it and 
wound up a little, in order to relieve the rod chain which was detached, and the skip was then 
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lowered on to the trolly and run down the incline. During the time thus occupied another skip 
was being filled upon the trolly on the siding at the foot of the incline, and was ready for haulin 
up on the return of the empty one, an arrangement which allowed the work to go on smoothly an 
continuously. ‘The scaffolding was made of timber, strutted and braced, and securely guyed with 
wire ropes to the rocks below. 

The top of the rock was roughly quarried for the bed of the platform, leaving a core about 13 ft. 
in diameter and 7 ft. in height. The mould, a segment of one-eighth of the circle, 3 ft. in height, 
dressed on the face to a radius of 7 ft. 9 in., and a batter of 1 in 12, was fixed in place by tie bolts 
lewised into the rock. The concrete, composed of 6 parts of shingle and coarse sand to 1 part of 
Portland cement, was then thrown in to the level of the top of the segmentul frame, and the opera- 
tion was repeated by shifting the frame round until the course was complete. The second und 
upper courses were luid in wu similar way. The circular platform was 29 ft. 6 in. in diameter at 
the top, and 9 ft. high, The chamfered joints were formed by fillets tacked on to the fuce of the 
frame, aud when the work was stripped of the frames, the third day after depositing the concrete, 
the face presented an appearance equal to dressed ashlar, and as hard as a sott brick. Instead of 
dowels and joggles a batten was fixed upright at euch end of tho frame, so that when the concreto 
was filled in, and the batten removed, it left a vertical slot at each joint, about 9 in. long by 4 in. 
wide, the full depth of course, which was filled in, and formed part of the adjoining block, when 
the frame was shifted horizontally round, and again filled with concrete. A concentric channel, 
9 in. broad by 4 in. deep, was left in the upper surface of each course for a similar purpose. This 
was filled up with conerete forming part of the course above, so that the whole structure was bound 
tovether as one stone. Inorder to give a smooth face to the work, care was taken that the Portland 
cement mortar, the proportions of which were 3 to 1, was laid close to the fuce of the mould, from 
2 to Sin. thick, aud carried up with the concrete or rubble work at the same time, to ensure cyual 
setting and uuiform colour. ‘Po prevent the mortar adhering to the fuce of the mould, soup, boiled 
with water to the consistency of cream, and applied immediately before the work was commenced, 
proved most satisfactory. The face moulds, which were made of pitch pine, were firat washed 
thoroughly clean, and then thickly painted with the seap solution by a whitewasher’s brush. 

Upon the top of the platform the tower, Figs, 1627 to 1629, was carried up in the same manner 
as previously deseribed, with the exception that the mould frames were made to radiate from the 
iron centre of a frame firmly wedged and sceured within the wall of the tower, building simaul- 
tuncously two blocks, which formed opposite sectors, and completing the circular course ino four 
shifts. The height of the tower and platform is 44 ft.. the well of the tower is 11 ft. in diameter, 
and the thickness of the shell varies from 2 ft. 6 in. under the cavetto at the cap, to 4 ft. 3 in. at 
the plinth mouldings ; the base is 5 ft. 3in. thiek, There are two floors with three landings, us 
the work was designed for three floors. The girders for the floors are of rolled wrought iron, and 
were built inte the side walls as the work proceeded. The floors ure of £ irons resting on the 
girders, and built into the side walls; the spaces between, and for 14 in. above the irons, ure filled 
with tine cement conerete, in the proportion of 4 parts of shingle and sand to ] part of eement. In 
the centre of the tower a hollow cast-iron coluian, J3 in. in diameter and § in. thick, in four lengths, 
is bnilt into the platform; the ends of cach length terminate with circular flanges, which are 
securely bolted teg: ther. The top length is bolted to the under side of the pedestal of the optical 
apparatus Which it supports. Phe partition of the wateh room is made of wrought-iron plutes 2. 1, 
thick. There are tive windows; the Gpenings= for these and the door were made by tixtug wooden 
eentres formed to the required shape and boarded over, and the ooner te filled in with the courses 
throngh whieh they pierced. The staircase consists of two wrouht iren spiral stringers, made of 
flut irou, 7 in. long by 3 in. thick, with angle-irous 2 in. by 2 in. thick, riveted te the opper and 
lower edges. The stringers are firmly bolted to the floor of the tower, and to the girders and can- 
tilevers ot the landings. The risers and supports ure of flat bar iron, 24 in. deep by ji, in. thick, 
riveted to the upper angle iren of the stringers; the tread plates are of cast iron, with grating 
ae ‘ The balusters are of polished wrought iron 1} in. in diameter, with bright brass caps and 
JADOPrALIS, 

The lantern pedestal, Figs. 1627, 1628, ix of east iron, accurely fastened to the masonry of the 
tower by twelve 1} in. bolding-down bolts, 3 ft. long. The inside is lagyed with American yellow 
pluc, and titted with brass circular ventilators, the service galleries arc of cast iron, the incline 
framing for supporting the roof ia of wrought iron, faced with gun-metal, the enpola is of copper 
double led, surmounted By « copper revolving eowl with vane. An outside ladder is fixes to the 
roof, and a lightnisg conduetor is carried to the foot of the tower, and down a fissure in the 
rocks beneath into a deep pool, which is submerged at high water of all tides. 

After the removal of the inclined railway and seaffolding of the tower, the approach was formed 
hy cutting steps.out of the rock, and in some instances by forming them of concrete, protucted to 
windward by a rough-built rubble wall in cement mortar, with stones quarried from the wljucent 
rocks, with which it corresponded in appearance when finished. 

The quantity of paraffin consumed was 2°26 gallons in every twenty-four hour. 

The great desideratum in a lighthouse luminary would appear to be a maximum intensity, com- 
bined with perfect focussing oolnpactness in the optical apparatus employed, for condensing the 
radiant light into un intensified beam, and directing it to the sea surface. In these respects neither 
ae nor oe eee nace can be considered perfect, large triala have therefore been male of the 
t ae he lig + J. N. Douzlnss in 1879 made a most able communication to the Inst. C.E., detail- 
ing the results of its application at varivus places, und frem this we extract the following 
particulars. 
oe ber ne bieabap iad me he ee Hig ee section of the lantern and part of the 
lighthouse: hiss 7 Salesiie lial phote, and Fig. 1639 plan of the lantern of the Souter Point 

ghthouse, where the clectric light WAH first shown in 1871; it is situated about midway between the 
entrances to the rivers Tyne and Wear. The buildings comprise tower, ongine and boiler house, 
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coke store, workshop, store-room, and dwellings for five men. The tower is 55 ft. high, sur- 
mounted with a cylindrical helically framed lantern 12 ft. in diameter, having the focal plane of 
the light 150 ft. above high water of ordinary spring tides. The buildings are all constructed in 
rubble masonry in mortar, and stuccoed in Portland cement. As no fresh water was to be found on 
or near the site for the builers, an asphalted rain-catch, 2100 sq. yds. in area, was laid around the 
dwellings, and four underground storage tanks, with two cooling ponds, were constructed. The 
engines were provided with condenscrs, fire pump, and two Cornish boilers, and a fog-horn apparatus. 
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The magneto-electric machines and fog-signal apparatus were viticSriheae f driven by frictional r- 
ing; but this was found to wear rapidly, aud caused considerable trouble. It has therefore eon 
replaced by shafting, pulleys, and leather driving-belts. When, however, the atmosphere is impaired 
for the transmission of light, by rain, mist, or snow, both machines are worked, and with fog 
occurring, cither by night or by day, the fog signal is sounded. 

Either or both of the magneto-clectric machines and the fog signal can be worked by either 
engine and one boiler, so that the complete apparatus for the production of the electric light is 
in duplicate. The oonducting cables between the magneto-electric machines and the lamp in the 
lantern are 175 ft. in length, and consist of the following;—Between each magneto-electric machine 
and a current changer fixed against the wall of the engine room, there are two copper wires } in. in 
diamcter; and from the current changer to the lamp in the lantern there are three insulated 
cables, one of nineteon copper wires, No. 16 B. W.G., and two of seven wires No. 14. With the 
current from one machine, tho larger and one small cable are used, the larger cable going to the 
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upper carbon, and the smaller cable to the electro-magnet of the lamp and lower carbon. With the 
second machine added, one current is coupled with that of the other machine and sent through the 
larger cable to the upper carbon, and the other current is sent through the third cable direct to the 
lower carbon, without passing through tho electro-magnet. With this arrangement no alteration in 
the strength of the electro-magnet of the lamp occurs, in altering the light from single to double 
power, or from double to single power, and, consequently, no readjustment of the lamp with these 
changes of intensity is necessary. : . 

AS an additional precaution, an oil lamp of four wicks has been fitted to the optical apparatus, 
and arranged so that its flame can be promptly brought into fucus in the case of a totul failure of 
the electric apparatus. ; : ; . 1 

The optical apparatus consists of a portion of a dioptric apparatus of the third order of Fresne 
for fixed light, having a focal distance of 500 mm. in the central horizontal plano. It is referred 
to at length p. 843. : 

An improvement was made by Douglass in the arrangement of the turntable of this apparatus. 
This consisted in the enlargement of the roller-path to the full diameter of the apparatus, by which, 


besides increased steadiness and ee 
precision, access to the interior of 

the optical apparatus is obtuined at 

all times, withvut the necessity of — 
stopping it, as is usually the case, J 


and thus alt ring for the time the 
exact character of the light. <A 
lower reflecting light from the same 
luminary as the upper light is 
shown from a window in the tower, 
22 ft. below the uppcr light, for 
marking changes in Sunderland 
Bay, distant 6 miles. 

The fog signal consists of a pair 
of Holmes’s fog trumpets, with their 
mouths directed seaward, and their 
axes separated 90°, These trump:<ts 
are fixed 87 ft. seaward of the lizht- 
house, at an elevation of 85 ft. above 
high water, and are sounded by air 
compressed to 30 lb. a sq. in., by 
a pair of pumps worked by the 
engines. The compressed air is 
sent through an underground pipe 
to a receiver in the signal house, on 
which is fitted an automatic ap- 
puratus, to regulate the intervals 
and duration of the blasts. The 
upparatus is arranged to sound every 
forty-five seconds, the durution of 
each blast being four seconds, and 
the silent interval forty-one seconds. 
It Las lately been necessary to 
replace the reed trumpets of Holmes 
by a more powerful Siren trampet, 
sounded by air compressed by an 
additional engine and boiler of 
twenty effective horse-power. It 
will thus be seen that the motive 
power required for a first-class fog 
signal is sufficient for the production 
of an electric light, at the focas of 
the optical apparatus with an in- 
tensity of about 25,000 candles. 

At the South Foreland there 
are two fixed coast lighta whose 
relative positions are E. by S., and 
W. by N. magnetic, and their dis- 
tance apart 449 yards. The focal 
plane of the low light is 275 ft., and 
that of the high light 372 ft. above 
high betas! of Naat | spring tides. 

igs. 1640, 1641 are of the Scale Jaf ‘ 
South Foreland lighthouse arrange- poneas ie 
ea ce es the electric 
ight. e machinery and apparatus consist of a puir of horizontal condensing engines, cach of 
10 horse-power, a pair of Cornish boilers, four of Holmes’s improved asians tocelec Leer nae nea. of 
the same model as those described for Souter Point; together with the necessary shafting, pulleys, 
and belts, for driving any two or all of the magneto-electric machines with either engine. 

The condueting cables between the magneto-electric machines and electric lamp in each lantern, 
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together with the current changer, are of the same form and dimensions as those described at 
p. 835. The conducting cables are laid underground, imbedded in asphalte in 6-in. glazed stone- 
ware pipes. The distance between the magneto-electric machines and the lamp in the lantern of 
the high lighthouse is 694 ft.,and between the magneto-electric machines and the lamp in the 
lantern of the low lighthouse, 592 ft. The old lanterns were utilized fur the electric light by 
aie pari of the vertical framing and flat glass, helical framing and cylindrical glass being 
substitute 

At the Lizard Light the machines are arranged to be driven by a leather belt off a pulley on the 
fly-wheel shaft of the caloric engines, the spced of the engines being sixty revolutions a minute, and 
that of the dynamo-clectric machines eight hundred and fifty. Each pair of dynamo-electric 
machines is fitted and bolted to the same cust-iron base plate, together with an intermediate pulley 
frame ee with two pulleys. The axle of cach machine is connected to the axle of the pulley 
frame by a faced dise coupling and four bolts, and thus no unnecessary strain in driving is incurred 
at the axle or bearings of the dynamo-clectric machines. During clear weather the current from 
one machine is sent to each lantern ; a sccond caloric engine, with banked fire, and its two dynamo- 
electric machiues, being kept in readiness for immediate use. When the atmosphere is impaired by 
rain, mist, or snow for the transmission of light, the second engine is started, with its two dynamo- 
electric machines, and the current from two machines coupled is sent to each tower, giving a mean 
intensity of each luminary in focus of about 8250 candles. 

Whenever fog occurs the fog signal is sounded by one engine. With the occurrence of the fog 
between sunset and sunrise, and with the dynamo-clectric machines going at the time, the second 
caloric engine is started for the fog signal, and the fire is lighted in the retort of the third engine ; 
but if four of the dynamo-electric machines happen to be at work at the time of the fog occurring, 
two are takon off the light; the engine which was driving these is used for the fog signal, and thu 
third engine is kept in readiness, with a banked fire, in case of accident to either of the other 
engines. 

The caloric engines, Fig. 1221, are used to drive the dynamo machines. The conducting cables 
between the dynamo-electric machines and the lump in each lantern, a distance of about 280 ft., 
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consist of ninoteen copper wires of No. 16 B. W. G., covered with one layer of felt tape, then 
insulated with pure indiarubber, and covered with a double layer of cotton tape, saturated with 
indiarubber solution, the cables having a diameter of 0°425in. The conductivity of the copper wire 
of these cables is 90 per cent. of that of pure copper. The cables are led from the dynamo-electric 
machines along the surface of the walls at the upper part inside the buildings, and are carried by 
means of wooden suspenders secured to the walls at every 3 ft. A current changor is fixed to the 
wall of the engine room, and is so arranged that the current from any one of the dynamo-electric 
machines, or any pair of machines, may be promptly sent to the lamp in cither of the lanterns. Tho 
lamps are six in number, being two for each lighthouse, and two spare. The lanterns are the 
improved cylindrical helically framed, firat order type of the Trinity House, at first intended for 
first order dioptric oil lights, and consequently larger than are really nucessary for accommodvting 
dioptric apparatus for the electric light. 
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The optical apparatus for the two fixed lights, designed by Hopkinson, and manufactured b 
Chance Bros. and Co., is of the same dimensions and general arrangement as those at the South 
Foreland, and the optical apparatus for the electric light, exhibited by the British Trinity 
House at the Paris Exhibition, 1867, was utilized in their construction. Both lights have their 
focal plane 227 ft. above high water of ordinary spring tides, and illuminate a sector of sea surface 
of 235°, extending from the horizon to within } mile of cach tower. In both the landward are of 
light of 125° is utilized, in the same manner as in the South Foreland upparatus, by holophotes and 
vertical prisms. In these the optical reyuirements are fulfilled very satisfactorily. A six-concentric 
wick mineral oil lamp is provided, and fitted to each apparatus as a stand-by, in case of accident 
to the electric light. The fog signal consists of a cylindrical Siren, by Douglass, Its form is a 
hollow drum, 6 in, in diameter by 94 in. long, having twelve lungitudinal slits in its surface, 8} in. 
long by 3 in. wide. ‘The aperture or mouth of the trumpet corresponds in form and dimensions to 
one of these slits. As the drum is driven at a speed of forty revolutions a second, the compressed 
nir, at a pressure of 50 Ib. a square in., passing froely into the drum, is in its passage through the 
slits to the trumpet cut off twelve times in each revolution, thus making 480 vibrations a second. 
The compressed air is accumulated in two receivers, of a collective capacity of 334 cubic ft. The 
Siren is arranged for giving one blust of five seconds’ duration every five minutes, the opening and 
shutting of the admission valve for the blasts being effected by gearing, worked from the shafting 
which drives the Siren. The cast-iron trumpet, 15 ft. long by 18 in. in diameter at the mouth, 
is pivoted for setting in any direction in azimuth over the illuminated arc, and it is always, when 
sounding und with wind blowing 
at the time, pointing to the wind- 1644. 
ward portion of the above arc. 
Communication is established 
between the engine reom and 
lanterns, also between each 
lantern and the bedroom of cach 
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lightkeeper by spraking tubes. 1h 
In the French lizhthouse ai 


system in adopting electrical 
lighting at the Cape La Héve 
lighthouses, it was found neccs- 
sary to construct an engine house 
with coal store, workshop, rain- 
catch, and storage tanks for 
water, a square room on the top 
of each tower for the optical 
apparatus, and dwellings for ie 
three additional attendants. The 3.4. 
machinery and apparatus consist —- 7” 
of two portable steam engines, 
each of 8 horse-power, and four : 
Alliance magneto-electrie ma- — ;. 
chines, each containing foity-  — * 
eight helices, arranged in six 
Wheels, and fifty-six compound 
permanent magnets. The lun- 
terns which surmounted the 
towers when oil lights were 
exhibited have becn removed, 
and the electric lamps are placed 
in small cylindrical lanterns 
made about 2} ft. in diameter, 
projectiny from the seaward 
angle of the square service room, 
the arc ilinminated by each light 
being 275°, Figs. 16142, 1643, 
which sare respectively a plan 
and section of the lantern anid 
watch room. The optical instru- 
ments in each tower consist of 
two dioptric apparatus of the 
sixth sei having : focal dis- Ys 
tance in the central plane of > OE: 

150 mm., placed one above the Yi LY Sr tify ty gy 

other, and similar to the arrange- yyy YY 

ment adopted at Dungeness. 

Each opticul arrangement is 1645 

provided with two Serrin lam 

and, in case of accident to the supply of the electric current, an oil lamp is provided to be placed in 
the focus of the lens. The intensity of the light produced by one Alliance magneto-olectric machine 
ina Serrin lamp is 200 becs, or French units, eing equivalent to 1920 candles, or English unita, 
During clear weather only one magneto-electric machine is employed for cach lighthouse, With 
thick weather two magneto-clectric machines are used. The intensity of the light from the optical 
apparatus with the luminary of one machine in its focus is estimated by Allard at 4500 French, or 
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about 43,200 English units. With the luminary of two machincs in focus this intensity is doubled, 
and would thus appear to be about 86,400 English units. 

Fig. 1644 is a section, and Fig. 1645 a plan of the lantern at Cape Grisnez; here two steam 
engines and two Alliance magneto-electric machines are placed in a room at the base of the tower. 
The electric light is exhibited from a small cylindrical lantern attached to the service room as at 
Cupe La Héve, the old lantern and optical apparatus being retained in case of accident to the 
electric light. The optical instrument consists of a dioptric apparatus of the sixth order for fixed 
light, having a focal distance in the central plane of 150 mm. Around this are rotated vertical 
lenses for producing the flashes, one lens being devoted to each flash. This optical apparatus, as well 
as those at the La Héve lightlouses, was manufactured by L. Sautter, Lemonnier, and Co., of Paris. 

In the discussion on Louglass’s paper, Admiral Collinson stated that on consulting the lights of the 
world, it will be found that about sixty distinctive characters are used. Bubbage, in 1851, thought 
it would be desirable that a number should be given to each lighthouse, that symbols should be 
employed to represent that number, and that the lighthouse Bhoele keep continually reproducing it ; 
other suggestions had been made. Of late yeurs the principal one had been by Thomson, who had 
suggested the introduction of the dot-and-dash system, in order that, by mcans of the Morse code, 
each lighthouse might be enabled to spell its own name. Practical seamen, however, thought that 
something might intervene between them and the lighthouse, and that they might begin to spell 
the word in the middle instcad of the beginning. A ship might be interpused, or the lightkeeper 
might, in doing something in the lantern, interpose his head. 1t was therefore thought better to 
adhere to the system already in use, by which cach lighthouse proclaimed its own individuality in 
a simple and unmistakable manner, and to let the sailor bear the onus of making himself 
acquainted with the special characteristic of each light. The great increase in the number of 
lights, however, had of late caused some complication, when fortunately Wigham, in experimenting 
with paslizht, suggested the plan of cutting up long flashes into groups, by which method the 
power of the light would not be impaired, und the flashes could be repeated at short intervals. 
When it was ascertained that the system of group flashing sccured un absolute equality of power in 
the flashes, and a more effective plan for distinctive purposes, it was at once adopted. 


TanLe I.—SysTem OF DISTINCTIVE CHARACTERS OF LIGHTS. 





Cuast Lights, Harbour Lights. 
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25. Quintuple ,, ee at. See 100 


Relative Relative 
oats na ttcasty 
Flashing. present fixed Flashing. Spee tix ed 
» White Light, White Light, 
100, 100. 
| 
1. White single flashing ..00 2. | 550 I. Que white and one green flash 367 
2: » double _,, oe ee | 590 2. ae i. two grein flashes 806 
3. » treble <3 se. ~Se@ a 050 3. Two white and one green flash | 407 
4. » quadruple flushing .. | 550 } 4. One white and three green O75 
5. » quintuple ‘ ae 550 | Hasbes ce a ee : 
G. One white and one red flash... ; 303 i o Twowhiteand twogrcen flashes : 3u7 
fe se ~ two red flashes 340 ' 6 Three white and one ereen flash, 458 
8. Two white and one red flash .. | 445 ' 7%. Que white and four green flashes 257 
0 One white and three red flashes | 314 | &. Two white and three —,, 330 
10. Two white and two PP | 893 : o Three white and two | ,, 403 
IL. Three white and one red flash | 471 10, Four white and one green flash , 477 
12. One white and four red flashes , 298 ‘HL, One green and one red flash .. 250 
13. Two white and three __,, 36) 12. sé - two red flashes ° 71 
14. Three white and two ,. 424 ‘13. Two grven and one red flash .. : 227 
15. Four white and one red flash |! 487 ij 14. One green and three red flashes 282 
16. Red single flashing - | 235 (15. Two green and two ‘3 ! 250 
17. , double ,, oe eS 235 (16. Three green and one red flash | 216 
Is. 4 treble ‘sg ser Uk | 235 (17. One green and four red flushes 289 
19. ,, quadruple flashing 235 (18, Two green aud three __,, 262 
20. ,, quintuple es ee | 235 ‘19. Three green and two = ,, 236 
—_—— ; 20. Four green and one red flash .. ; 209 
Mean... .. .. | 3893 .21. Green single flashing .... | 183 
22. vi a ‘ oe oe 183 
23. » treble ,, eat. Bet 183 
Oceulting. 24. » quadruple flashing .. | 183 
21. Singlo occulting .. .. +. 100 125. » quintuple er | 183 
22. Double * ae 100 i — 
3. Treble i a. ee, das | 100 Mean... .. 282 
24. Quadruple ” ee oe ee | 100 | 








In using different colours, to keep the flashes of the same power, it was ncoessary to put a 
greater s into the red light; and thus we have now the power of raising the intensity 
of the up to that of the white light. In the foregoing tublo it will be seen that by cutting 
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up the beam of light into two, three, four, or five sections, and employing the red colour, 
which, as just stated, can be brought up to equal power with the white, no leas than twenty 
simple distinctions available for coast illumination can be obtained, the mean power of the light 
thus produced being 393, ag against 100 for a fixed light. By the introduction of green colour 
twenty-five distinctions could be made available for harbour lights, with similar advantages, 
namely, that every light would be of the same power and would show precisely the same distance, 
no matter what the weather might be. With the green colour introduced, the mean power of the 
light produced would be 282, as against 100 fora fixed light. In reference to this question of 
distinction, no doubt the electric light is well adapted for the accomplishment of the effects 
required. By its aid the flashes were rendered intense and forcible, and the transitions from light 
to darkness, and the reverse, were clearly defined. 

With reference to the optical instruments employed in lighthouses, Thomas Stevenson states 
that the two most important are the holophotal totally reflecting prisms, by the single agency of | 
which the rays are parallelized both in the horizontal and vertical planes; and doubly reflecting 
prisms, by which metallic agency was altogether dispensed with, and dioptric apparatus by glass 
substituted in its place. In applying these instruments to some of the optical) arrangements in use 
for adapting lighthouse apparatus to different local requirements, the azimuthal condensing 
system is largely employed; the principle has been applied to the electric light, and Stevenson has 
combined with the condensing system the twin prisms, numbered 4, 5, 6, 7, 8, 9, Fig. 1646, a form 
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which admits of the mora casy adoption of Swan’s propos of placing prisms behind those in 
front, 80 as to cause the light coming from those behind to pass through the spaces between the 
front prisms. At Lamlash, where the twin prisms were first employed, the apparatus has been 
thus made so compact, as to reduce to a large extent the size of the light-room which would other- 
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wise have been required, whilw the loss due to absorp- 
tion in passing through the glass has been also mate- 
rially reduced. The greatest amount of condcnuaution 
Stevenson has had to carry out was at Cape Van 
Diemen, New Zealand, where the whole 360° was 
condensed uniformly over a sector of 80°, Figs. 
1647, 1648. 

A further improvement, incronsing the extent to 
which total reflection can bo carried, are the back 
prisms. The Fresnel form of prisms is limited in its 
oe Optical action to the critical angle, which, for most 
glass, restricts the angle of deviation to 90°, beyond which angle those priams are inoperative ; 
whereas the back prisms can, if necessary, be made to render the rays parallel up to nearly 180° 
These prisms are shown in the holophote, Fig. 1649, by the letters a, c, g, A. " 
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application of the azimuthal condensing prisms to dioptric revolving, flashing, and inter- 
sclnent chia, due to T. Stevenson, is delineated in Figs. 1650, 1651, and it consists of straight 
risms revolving round a fixed light apparatus. In the arrangement Figs. 1650, 1651, these prisms 
ntercept the light so as to produce perfect darkness over the arc they subtond, while the light 
which falls upon them, instead of being parallelized, is spread uniformly over the intermediate 
sectors of light which come from the fixed apparatus. By this mode the use of double agents is 





restricted to certain portions of the apparatus only. Thus the power of the light is increased, in 
direct Draperies to the duration of the intervening periods of darkness, for the rays which are 
intercepted by the upright prisms are bent, so as to become auxiliary to the intervening illuminated 
sectors. Neglecting the loss due to absorption, the power is doubled when the periods of light and 
darkness are equal, trebled when the periods of darkness are twice as long as the light, and so on 
in proportion; while in every case the rays are spread with rigid equality over each illuminated 
sector. The periods may, within certain limits, be made unequal; or coloured lights may be 
adupted, in which the power could easily be equalized. 

Ky using the principle of the differential lens, it, in this case, becomes a differentiul cylindric 
refractor, whose centre of inside curvature is ex-focal, that takes the place of the central refracting 
drum in Fresnel’e fixed light. In the Mull of Galloway apparatus, all the parts of which revolve 
together, this differential refractor, marked AB in Figs. 1652, 1653, would be a meniscus in 
horizontal section, sv as to condense G0” into 40°, which is nceded to give the required characteristic 





of the Mull of Gallowny, namely fifteen seconds dark and thirty scconds light. The vertical profile 
of thia instrument will be the ne as that of the ordinary cylindric refractor, while the upper and 
lower joints will be convex conoidal and concave conoidal respectively. By the compound action of 
this single agent the whole effoct of the intermittent light will be produced, so that two agents 
are saved at tha central refracting part of the a geno The straight prisms will not, therefore, 
extend beyond the upper and lower expels 0 ean Brant ore ais of execution 
evonted the application of the same principle to the upper and lower prisms, 
~ Both the di rontial lens and sara an well adapted for the requiroments of the electrio 
light. In experiments made at Edinburgh, in 1868, by Stevenson, with the common plano-convox 
lens with the ordinary lenticular divergence, the differential lens with 23 of artificial divergence 
in azimuth and ordinary vertical divergence, and a double lons having 6° of artificial divergence in 
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azimuth and 8° in altitnde, the following results were obtained with the liquid photometer ;— 
Plano-convex lens = 1°00; differential lens = 0°90; double Jens = 0:75. Tho result shows that 
the double lens is not only much inferior in power, but that the distinguishing peculiarity of the 
electric flash was so far lost as to assimilate it in a great degree to the oil lights. This seems to 
show that the highly distinctive flash of the electric light, when acted on by optical apparatus, is 
not so much due to a greater amount of light as to the more complete parallelism of the rays, effected 
by the refracting medium through which they passed. 

The dioptric combinations employed in the lighthouses referred to pp. 835 to 837, were entrusted 
to James T. Chance: they are described in the M.LC.E., vol. lvii., from whence the succeeding 
account is condensed. . 

In the Fresnel, or dioptric, apparatus the source of light is placed in the centre of a structure of 
rings, or annular segments of glass, of such generating sections that all the incident light may be 
condensed and directed upon the sea. This condensation may take place only in_ vertical nxial 
planes; in that case the sea is uniformly jliuminated in all directions in azimuth, and the apparatus 
is termed a fixed light. ‘The sphere of light may, however, be divided into various portions by 
vertical planes through the centre; and each segment of light may be condensed both vertically 
and horizontally. The result is a number of sepurate solid berms; and, in order that they may be 
scen by the mariner, the apparatus must be made to rotate. This, accordingly, is called a revolving 
light. 
The following preliminary remarks refer to fixed lights; and the term divergence is therefore 
used for that in a vertical plane only. When a flame is employed as the luminary in a lighthouse, 
it is not enough to cause the rays from any point of it to emerge in parallel directions; for the angle 
of divergence arising from the height of the fame must also be compressed within useful limits, in 
order to avoid waste of luminous power. This can be cftectad only by enlarging the diameter of 
the apparatus proportionately to the height of the flame. But even the largest apparatus now in 
use, though 1°84 metre in diameter, is inadequate for the increased flames Introduced of late years 
into lighthouses. 

There is manifestly great economy in employing a small instrument; and also an evident 
simplicity in adopting one whose radius is short enough to enable a diminutive radiant, by tho 
vertical angle it subtends, to afford all the divergence wanted for covering the sea to the requi-ite 
distance towards land. But the carbon points of the electric light cannot yet be depended upon for 
immobility upwards or downwards, so that there is always a contingency of a chanve in the direc- 
tion of the angle of emerging light, inasmuch as this moves together with the radiant itself There 
is. moreover, no proper gradation in the intensity of the ilumination of the sca at different distances. 
The hght wich is emitted upon the sea at a few miles from Jand may be as powerful as that 
which is directed towards the horizon, whereas the quantity of light thus lavished on the near rea 
ought to be added to that which is transmitted to the horizon. 

With the flume a gradation of light does exist. For example, according to Allard, with a first 
order fixed apparatus, having a lamp of five wicks, out of the total quantity of light ineluded in a 
solid angle of 6° in height, 45 per cent. is contained in the anvle of only Vin height that is bisected 
by the horizon direction. The Fresnel system of zones renders it easy to imitate with the electric 
light this effect of gradation, so as to allot to different distances on the sca whatever proportions of 
the total quantity of available light may be desired. But to atta this end, and to eliminate the 
defects which have been indicated, it was necessary to abandon, in the case of the carly use of the 
electric light, the plan, however obviously suitable to flames, of dep nding upon the height of the 
luminary for the required vertical divergence, and to be thas free to reduce considerably the diver- 
gence due to the height of the light. so as to be able to utilize this radiunt to the hest advantage. 
This could be accomplished only by employing an optieal instrument of much increased diameter. 

A portion of this larger apparatus may etill be ailowed to parallelize the radiant light: thus 
the emerging beam, now greatly compressed, may be devoted to iNun inate the herizon and distant 
sea, while special generating sections may be given to the rest of the apparatux, sas by suitable 
angles to distribute the illumination from the horizon towards land, to such distances and with 
such gradation of intensity as may be desired. 

The divergence due to the luminary will, of course, always move with it, however large tho 
apparatus may be, in case of deviation of the carbon points from their proper position; but when 
it is borne in mind how small an angle of divergence, generally less than 15’, covers: as much nas 
three-fourths of the sea from the horizon inwards, it is clear that no such displacement of the 
carbon points could cause the sea to be left in darkness, provided that a due angular margin be 
allowed, between the direction of the horizon, and the upper boundary of the special divergence 
obtained from a portion of the apparatus, 

With a large instrument, mor over, luminous power may he spared for spreading light by means 
of particular zones over any speci«] part of the sea. This will be exemplified in describing the 
South Foreland lights. Generally, the rays issuing from the electric light can be controied by the 
Fresnel system of independent zones, 89 a8 to be made to illuminate any part of the sea with any 
required relative intensity. Such cliversion, however, of any light from the horizon could not be 
permitted if the whole emerging light has unavoidably, as in the case of a small apparatus, vn lore 
divergence. : PY cri 

It would be snperfinous, when such urgent reasons exist for pr ; , 
yea ti gi considerations of less fmnpscu anes which confirin the sella : ee i a ae 

since the construction of the apparatus here described, a gr i 
ae pee ate and certain modifications ee ilentrd: ei Sehiss faite, eee 
diflerent directions in azimuth. These latter changes. j ee : melee 
uccount in designing faluve apouratin. &ex, if muintained, will have to be taken into 
t was a matter for consideration whether two condensations, the vertical and the horizo 
could be effected without employing two optical agents. No difficulty of this kind presents itsell 
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in the case of a flame, for all that has to be donc is to render each segment of the apparatus lenti- 
cular, with its principal focus in the appropriate point of the axis of the flame, and then the vertical 
and horizontal divergences are those corresponding to the height and breadth of the flame ; or, in 
other words, an image of the flame itself is formed externally by each segment, as would be made 
evident by throwing the beam on a white sercen placed in the dark at a suitable distance. But 
to treat the electric light in this way would not ratisfy the requirements of the mariner, for the 
horizontal divergence would be so small, that the duration of the flush on the eye of the observer 
would be only momentary. If tle diameter of the clectric are be taken to be 12 mm., the duration 
of i aie would even then be under one second, unless the intervals of darkness be too much 
prolonged. 

To consider then, first, the annular lens; the idea which at once manifestly presents itself is so 
to shupe its successive generating sections that they will give the required horizontal divergence. 
Que-half, how: ver, of the increased vertical angle, which would accompany the horizoutal diver- 
gence, would be bestowed upon the sky. . 

A. Brebner proposed to remedy this defect to some extent by dividing the lens at the horizontal 
central plane, and lowering the upper half, so that the upper half of vertical divergence should be 
superimposed upon the lower : 
and the total angle be thus TG04: 
redueed to one-half. But the le 
two divergences, horizontsl and 
verticnl, would still be left to be 
cunnected toyether. 

Stevenson proposed to obtain 
two independent divergences by 
adopting the plan, devised by 
him in 1861, of giving to the 
inner surface of Fresnel’s annu- 
Jar lens two different concave 
curvatures, the one horizoutal. 
the other vertical, An account 
of this contrivance will be found 
In Stevenson's treatise on 
* Lighthouse Olamination.’ 

Jn 1870, when J.T. Chanee 
war cntrusted by the Trinity 
Honse with providing optical 
apparitus for the clectric light 
nt Senter Point, he decided to ey 
adhere to the system which had ® ig ON ce ee ee 
been ndopted in Franee for ree -  —-— — -- &» 
volving Hights with the electric — 
are and whieh indeed, as late as 
85h, wae used there to condense horizontally the light emerging from the eatacdboptnie portions of 
 Freene) apparatus. ‘This systam consists of a fixed light: surrounded by a polygonal drum, each 
of whose sides is composed of straight vertical lenses, so shaped us to give the required horizontal 
divergence, 

Fig. 1654 ina vertical section of the apparatus at Souter Point, and Fig. 1656 a half sectional 
plan through the focal plane pp, cc mdicating the centre line of the ight. Fig. 1650 is an elevation 
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of » and horizontal prisma., At Souter Point the light had to be visible during tive 
a Pips malt ainues thus leaving an interval of darkneas of twenty-five seconds selene 
The diepositiona are as follows ;—The electrio light is placed at the centre of a fixed gk oho . 
1 m. in diameter, and embracing 180° horizontally. The refracting portion consists of a oa = : 
and of twelve zones, six of which are above the belt, and six similar ones below it. _ w rile 
scrica subtends in height an angle of 66° 42’ at the ocnire. Thero are ten upper ca dice rie 
zones, subtending at the focus a vertical angle of 43° 20’, the lower side of this angle being inclin 
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to the focal plane at 35° 2’; and also eight lower catadioptric zones embracing a vertical angle at 
the focus of 30° 17’, its upper boundary making with the horizontul direction an angle of 35° 14’, 
Hence 140° in height out of 180° are acted upon by the glass portion of the apparatus, but the 
actual portion of the whole of the light contained between any two meridian planes intercepted by 
the zones of glass is 92 per cent. 

The apparatus is divided, as regards vertical divergence, into two distinct sets of elements. The 
middle refracting belt, together with the three zones next above and the three zones next below it, 
are made to give a divergence of 1° above the horizon and 3° below it, in addition to that due to the 
dimensions of the electric arc; whereas the three highest refracting zones and the three lowest 
zones, together with the whole of the catadioptric cupola and all the lower catadioptric group, 
depend for the divergence of the rays issuing from them, upon the angles subtended ut each of them 
by the electric arc. To the 3° of special divergence provided for the sca must be added half of 
the luminary divergence. If 9 mm. be taken as the height of the clectric arc with one machine, the 
total divergence on the sea will be 3°31’. The focal plane of the light is 150 ft. above high water, 
so that this angle of 3° 31’ will extend up to 772 yds. from the tower. 

The angle of 1° above the horizon is allowed, in order to provide for any ex-focal displacement 
of the electric arc in a vertical direction; but this allowance, as it concerns the maximum intensity, 
is only 29, for the semi-angle due to the size of the electric arc, taken as 9 mm., has to be 
deducted, inasmuch as the maximum intensity would extend over the whole angle, on the supposi- 
tion only that all the light proceeded from a mere puint, instead of from na radiant having magni- 
tude. The addition of the divergence of the radiant to the apecvinl divergence givea by tho 
apparatus, causes the latter angle to open out, and therefore diminishes the luminous intensity of 
the expanded beam at each of its sides, in regular gradation, over an angle equal to the divergence 
due to the size of the radiant, one-hulf of which falls within the angle of apecial divergence. 

The revolving drum consists of eight equal sides divided into three panels in height, cach of 
which is composed of seven vertical lenses, one in the middle nnd three on each side of it, their 
height being equul to that of the fixed apparatus within, the diameter of the inscribed circle of any 
horizontal section being 1:40 m. The generating section of each lens is such that the light which 
falls upon it from any point of the luminary is spread over 7° 8’ in azimuth, the axes of the 
emerging beams from aaah af the lenses of any one of the cight sides, beiug perpendicular to the 
interior face of that side. While therefore the angle of horizontal divergence belonging to auy side 
of the octagonal revolving drum is passing across the vision, all the scven vertical lenses appear t> 
the eye to be simultaneously iNuminated. 

The diameter of the electric arc, as originally communicated to Chance, subtended an angle of 
only 22’; and this, added to the special divergence of 7° 8’, gave a total divergence of 7° 30’, which 
was expressly calculated to give 5” of finsh; but the diameter of the curbuns has since been 
increased to 9 mm. for one electric machine, and to 12 mm. for two machines. 

The sections of the lenses are so calculated as to spread the light uniformly over the angle of 
horizontal divergence, and, except for a small angular space on either side of this angle, arising from 
the additional divergence due to the diaineter of the luminary, there is no waxing and waning, such 
as is the case when a flame is the source of light, but the full brillancy of the flash comes almost at 
once upon the eye, and sg» continues for nearly its entire duration. 

It is evident that whero the flash is most intense in the centre, and becomes rradually wenker 
towards either boundary of the angle, the visible divergence and therefore the duration of the flash 
diminishes as the cye recedes, On the other hand, the maximum intensity of the flash suffers a 
diminution corresponding to the maintenance of a uniform intensity tbroughont the entire angle. 

With a flame there is no choice; the increase of the intensity from a minimum to a maximum, 
and then the reverse gradation, are its necessary concomitants. Thus ina first order revolving 
light, with a five-wick lamp, according to Allard, the intensity of the middle of the flash in the 
middle of the focal horizontal plane is 7150 French units; but if the intensity were uniform 
throughout the whole angle, ita mean value would be only 4700 units. 

_ The electric light, however, can be easily made to exhibit the appearance of waxing and wanting 
in various ways, such as by eccentring the a a! and lower panels of verticul prisms, so ns to 
produce any gradation of inten-ity that may be desired. 

The fixed light embraces only 180° in azimuth, so that a hemisphere of rays from the luminary 
was available for any subsidiary purpose. Douglass proposed to condense the chief part of this light 
in & horizontal direction, and by means of reflectors to bend it fit vertically downwards antl 
again horizontally, and then to transmit it through a window in the tower 22 ft. below the appa- 
ratus, for the purpose of marking ecrtain dangers in Sunderland Bay. In order to accomplish 
this, a segment of a holophote of 150 mm. radius is used, to condense 54°6 per cent. of the back 
hemisphere into a nearly cylindrical beam. This is intercepted and sent vertically down wards by 
a group of five right-angled straight catadioptric prisms, upon a group placed direct! y below them 
of five similar prisms, by which it is transmitted a second time horizontally. These latter prising 
however, are curved lengthways, so as to cause the emerging raya, which otherwise wiualil faci . 
nearly cylindrical beam, to converge at an angle of 31° within tho tower, and thas to diverse on 
issuing sits . at the same horizontal angle; and the generating sections of those concave priate 
ei sen i be ee a dipping light, limited within the vertical angle required to cover the 

Figs. 1657 to 1662 refer to the dioptric apparatus at the South Forclanc i ; 
vertical sections, Figs. 1658, 1661, elevations of the holophotal pala aans eee sh 
and Figs. 1659, 1662, half plans; p indicates the focal plane. c, c, the centre line of each li ik and 
h, h, the horizontal axis of each holophotal semi-lens. Where are two lights. The high | ht fine 
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A third order fixed apparatus {a used with the high light. The refracting zones. Five. 1047 
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1659, are made to sprzad the light falling upon them from the central focus i 
vertical divergence, all of which commence 1° above the horizon direction, Wat eeteadts eects 
engular distances below it. Thus, the belt sends its light up to 1°, the fifth and six pairs of eepes 
above and below it to 14°, the fuurth pair to 2°, the third pair to 24°, the second pair to 4°, and the 
first pair up to 5° 244’, which corresponds to 1174 yds. from the tower. ; 

While, therefore, each of these antes of vertical divergence includes the horizon they follow 
each other in succession, reaching farther and farther, until the largest angle brings the ‘illumination 
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up to the required distance from the lighthouse itsclf. It will be observed that the lenses above 
and below the middle belt act together in pairs, the object being to provide for the contingency of 
any part of the light from either one of them being intercepted by a bar of the lantern. The light 
ae ent on the upper and lower eecries of catadioptric prisms is purallclized, and directed towards 
the horizon. 

The fixed third order instrument illumines 226° in azimuth, eo as to leave an are of 134° of 
epare light on the landward side, which is employed to strengthen the front or seaward are in the 
high light, by means of the fullowing optical arrangements ;—A small space in the middle of the 
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landward are is required for introducing or removing the electric lamp, but nearly all the remaining 
available light is used to intensify the iumination of the front are. For this purpose a holophotal 
semi-lens, in a rectangular panel, is ixed on each side of the rearward boundary of the main instru- 
ment, #0 as to have its focus atthe electric are. The focal length of each lens is 187} mm., and its 
axis lica in the horizontal focal plane, and is coincident with the landward boundary of the front 
are. Onenach side of the apparatus is also fixed a serivs of five vertical prisms of the usual kind of 
glngs, 538 mm. in height, of which one is refracting, having its flat side erpendicular to the axis 
of the lens, three are catadioptrio of the ordinary section adopted by Fresnel, and the fifth is a 
back prism of the form suggeated by Stevenson, as admitting of tho deflection of light considerably 


boyund 90°. This is referred to iu Fig. 1649. 
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The form used by Fresnel! was limited by the restriction of making tho two refracting sides of 
the generating section coincident with the paths of the two extreme incident raya, so as to secure 
the minimum thickness of gluss. No one, however, can doubt that Fresnel would in the first instance 
express his formule in the most general terms, but in the apparatus which he invented any deflec- 
tion beyond 90° by totally-reflocting prisms was not required. This series of vertical prisma inter- 
cepts the benm which emerges from the lens, and deflects and spreads it uniformly over the one 
half of the illuminated arc. The various sections, however, receive different quantities of light, so 
that, in order to render the emerging light of uniform intensity, the sections must be so calculated 
as to have angles of emergence independent of each other. For this purpose the gonerating section 
of cach of these vertical prisms has its own distinct focus. 

In the low light, Figs. 1660 to 1662, the illumination of the sea was to be brought even nearer to 
the lighthouse than in the previous one, namely, up to 304 yds. from it. To effect this, the middie belt 
is divided into four zones, two immediately above and two immediately below the focal horizontal 
plane, and of such sections respectively that the two upper zones spread out their light from the 
direction of 3° 41’ below the horizon line up to that of 17° 23’, which corresponds with the spot of 
304 yds. from the tower; and the two lower zones spread their light from the direction of 5° 11 
below the horizon line, also up to that of 17° 23’. The refracting zones above and below are 
made to act the same as in the high light, and all the catadioptric prisms likewise parallelize the 
light incident upon them, and transmit it in the direction of the horizon. In the low light the main 
apparatus illuminates 190° in azimuth, so that the are of spare light is 161°. The available land- 
ward light is utilized, as in the manner just described, by a semi-lens and vertical distributing 
prisms, placed on each side of the back of the main instrument. These vertical prisms are six in 
number, and consist of one refractor, four Fresnel prisms, and one special prism for deflecting beyond 
about 0°. 

At the Lizerd there are two lights, exactly alike in construction ; and in each of them the whole 
of the apparatus, except the five retracting zones below the middle belt, is caleulated to parallelize 
the rays from the luminary. These five zones are diverging ones. The first, namely, the one 
immediately below the belt, together with the fourth aud tifth, co-operate as if only one zone, in 
ranging from tiie horizon to 9°30" below it. The second and third co-operate in the same manner, 
and together range fiom the horizon to 9° 30° below it. 
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The South Foreland lights were entirely made expressly for the purpose, but those at the Lizard 
had to be so arranged as to utilize the chief portion of a third order fixed light, which had been 
previously constructed for the Trinity House, and the optical arrangements had to be accommodated 
to this restriction, 

An are of 235° in azimuth is illuminated in each of the two lights, so that in each case the 
auxiliary apparatus has to produce a maximum deflection of 120° This consists, as in the South 
Foreland lights, of a holophotal segment of 187} mm. radius, and a series of vertical prisms on cach 
side, comprising one refractor, two Fresnel prisms of the usual glass, one Fresnel} prisin of dense 
flint, and one back prism of dense flint. The small holophotal segments are movable round vertical 
ares to allow of munipulating the lamp. The apparatus at the two Lizard lights was desigued 
by Hopkinson. 

~ Jt will have been observed that in all the lights which have been described, the chief part of the 
important daty of providing the herizon and distant sca with the most intense illumination, has 
been made to devolve on the catadioptrie zones, and ou the refracting ones which are farthest removed 
from the horizontal focal plane. ‘The directions in any vertical axial plane of the electric rays of 
chief iutensity seem to justify this arraugement, but it is aleo worth noticing, that the angular effect 
of any ex-foeal deviation of the carbon points, diminishes in proportion as the angle increases at 
which the direction of the light ix inclined to the horizontal line. 

The anele of vertical divergence belonging to the auxiliary apparatus of the South Foreland 
and Lizard lights, is that only whieh is caused by the size of the electric radiant. If its height be 
taken os 12 mim. this angle is 3° 40’, and the illumination obtained from the landward ares is 
valuable, not ouly in strengthening the light emitted from the front ares, but also in combining 
this larger divergence of the luminary with the smaller similar divergence from the main 
instrument, 

Tables IT. and TIT. of condensing power are calculated fora diameter of the illuminant of 12mm. 
The column P refers to those portions of the apparatus which parallelize the incident light, and the 
column D to those which vive it divergence. 

The colamn P in Table IT. is calculated on the supposition that the diumeter of the luminary is. 
12 mm. and that the intensity is the same in all directions in the vertical plane, the mean distance 
for the catudioptric cupola being 687 1mm., and that for the lower catadioptric cupola being 759 mm. 

For any other diameter of the luminary, or for the alterations of the mean distances of the upper 
and lower catadioptric groups respectively, consequent on a variation of intensity of light in the 
vertical plane, the abuve data will render easy the requisite changes in the figures which denote the 
condensing powers of the purallelizing portions of ‘he apparatus. 

MACHINE 'TOOLS. 

The progress in constructive engineering is always closely connected with the means of effect- 
ing improved work, and of these, machine tools form a most important feature. Although few 
radical changes have been made of late years, yet there have been many improvemants in puints of 
detail, and many of these will be found iustrated in this article. 

Lathes. — A lathe designed hy W. Silver Hall, of Nuncaton, presents several sp@sial points of 
intereat. Ita general arrangement, Fig. 1663, is that of a acrew-cutting lathe with centres 7 in. above 
the bed, which is LLin, deep and 13 in. wide across the top. Phe leading ecrew is placed iv front of 
the bed, is Zin. in diameter, and has two threads to the inch, The form of thread adopted is similar 
in cross-section to the tooth of a spur wheel, thus affording ample wearing surface, while it is more 
easily engaged and disengaged than is the case with a thread of square section. There is nothing 
apecin) about the driving headstock, except that the face-plate A has cast on its back a spur 
wheel B, geating in the proportion of 3 to 1, into the pinion C on the sbaft D, which extends the 
whole longth of the lathe to the following headstock. C can be alid in or out of gear by the clutch 
fork and lever E. A mark stamped on C, corresponding with three marked positions on the face- 
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plate, Fig. 1663, ensures that they shall always be placed in gear in a certain definite relation to 
each other, and this is a matter of importance. . 

The saddle and slide rest are shown in Figs. 1664, and 1665. The cross slide has a very long 
‘bearing, and the wearing surfaces and screw are well protected from dirt and shavings, as 1s also 
the leading screw. The cutting tool for screw cutting is of peeps form, eet al of a steel ring 
carefully turned up to shape, and then cut asunder and hardened. It will scen that it only 
requires to be ground straight across its end when requiring to be paeneloy that the correct 
angle of thread is constantly preserved. Two of these toola, each clamped by a single nut and 
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crossbar, are fixed in a V-shaped block F, forming the tool holder, which is pivoted on the top of 
the rest, and is capable of swivelling through an angle of 273°. In the position Figs. 1663 to 1665, 
the right-hand, or screw-cutting tool, is in contact with the work to be chased, while that on the 
left hand is just clear. In the other position of the tool-holder, the flat edgo of the left-hand tool 
is brought up, as would be required to top off the threads of a taper tap. The tools being adjusted 
just level with the top of the rest are always at the right height for their work, and another feuture 
in this tool-hoalder, is that the correct rake of the tool is always given. Morcover, by adjuating the 
graduated bandwheel L to any given position, the same distance of the tool point from the centre, 
and consequently the same diameter of work, is always ensured. For cutting a Icft-handed thread 
the tools must be turned end for end, a second twol-holder properly grooved to fit them in this new 
position being substituted, while for ordinary work a block with studs and crossbars, precisely like 
the top of an ordinary slide rest, can be put on instead of the swivelling tool-holder, in a few 
moments. 

The leading screw is clamped or released by the handle G, which is very convenicntly situated. 
The clamp nut has a long bearing and clasps both sides of the scruw. ‘Yor bringing back the 
puddle to its first position, after taking a cut the length of the serew, the handwheel H and worm- 
wheel K, which has twenty-four tveth, are employed, the wormwheel and leading screw acting as 
rack and pinion, and as the wormwheel is of gun-mctal and the screw has a ve large wearing 
surface, this may be done without any injury to the screw. This wormwheel and "handatiset also 
perform another important function. When the screw is not clainped, and the saddle is station 
on the bed-plate, the handwheel, which is gruduated with twenty-four divisions, curresponding wi 
the teeth on the wormwbecl, will be seen slowly to revolve, bringing each division in turn opposite 
to the index J, Figs. 1663 and 1665. In these positions only can the leading screw be clamped, ao 
by watching them the workman knows at once when to raise the handle G, without grinding the 
clamp nut over the surface of the screw until it will drop into position. Again, it is well known 
that to cut ceftain pitches, for example, eleven threads to the inch, it is necessary to clamp the scruw 
as cvery second revolution, and if it is clamped at an intermediate revolution the thread will be 
split. ‘The usual method of doing thiqis by watching for the coincidence of a chalk mark on the 
fuce-plate with another on the leading screw, but in the lathe in question this is provided for by a 
second graduated circle on the bandwhcel H, having only twelve divisions. There are ulso of 10r 
circles divided into eight, six, and four parts, but these are very seldom required. By winding the 
ad hte se oo rt igen ee extent, the slide rest can be slid off entirely, leaving 

16 suddle, which is provided with suitable slots aud bolt hol j aT 
pedestals, or for other general or special work. moteey Clone Hee Boring eels Hinders, 

Many attempts have been made to contrive a satisfactury method for giving the rclief, or 
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backing-off, required in screw taps during the operation of chasing, so that they shall not require 
finishing by hand-filing, which after all can only relieve the tops of the threads, leaving the full 
bearing surface at the bottoms and sides. <As the ag ey relief is very slight, ani! demands to be 
accurately proportioned, these attempts have usually failed, owing to the difficulty of adjustment in 
the first instance, and of maintenance free from looseness and backlash afterwards. This is cffected 
in Hall’s lathe by the peculiar following or poppet headstock, Fig. 1663, and in detail to a larger 
scale Figs. 1667, 1668. 

The shaft D, which is driven by the pinion C off the face-plate wheel B; and which makes 
three revolutions for every one of the lathe mandrel, imparts a similar triple revolution through 
the pinion M and the idlers N N 
to the pinion O, which is keyed on 
the tubular mandrel P. This : 
mandrel revolves in adjustable = Aa Hp 
conical bearings in the following wen fA DTT REET ™. ge 
headstock, but can be clamped 
when not required for use by a 
screw wedge at Q, much as in an 
ordinary headstock, and contains 
tho ram R, which is propelled and 
withdrawn by the screw 8 and 
handwheel T, and clainped by the 
wheel-nut U. The nose of this 
ram is bored ecocntrically, . in. 
out of the centre, to receive the 
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cone centro V. The mandrel P is UATE, 
caused to revolve, carrying with WELLL 





it R, 8, T, U, and V, and a turning 
tool being applied to the latter it 
is turned up, of course truly con- 
centric with P, and its position carefully marked O, Fig. 1670. If now it is turned half round in 
its eeat the point will be 3 in. out of centre, and when revolving with the mandrel P will describe 
a circle } in. in diameter, and its adjustment for any jess eccentricity may be made with very great 
delicacy, being measured on a graduated circle 3 in. in circumference. 

A rod or other article turned between centres will, consequently, approach to or reccde from the 
cutting tool three times in cach revolution, and at the following headstock end will receive the 
form of the upper diagram, Fig. 

1666. This eccentricity will 

decrenso towards the driving 

headstock, as in the centre 

diagram, approaching nearer : 
and nearer to the true circle. A 
tap chased on this principle will 
consequently have plenty of 
clearance, or relicf, at the com- 
mencement, while the final cut 

is made by that portion of the 
tap which is nearly circular, and 

a very truly tapped nut is the 
result. G 

By acurious but not dificult 
ealeulation, the mark on the 
face-plate corresponding with 
the fullest side of the tap, which 
varies with the degree of eccen- 
tricity adopted, which we will 
suppose to be seven, as shown in Fig. 1669, is found, and by bringing this number, which is repeated 
three times on the face-plate, opposite the point of the scriber W, which is set to the height of the 
lathe centre, three lines may be scribed on the shank of the tap before removing it from the lathe, 
giving the exact position of the cutting edges. 

As the variation of radius from the true exis is alternately in excess of, and less than, the 
normal radius, and as it is necessary that the point of the tap should enter the same sized hole as 
if it were truly circular, it is necessary to set the following headstock as if for taper turning, for 
which purpose it is fitted with a cross slide and screw with graduated handwhecl. This adjust- 
ment being very slight, does not interfere with the gearing of the pinion M and first idler N, Figs. 
1667, 1668, which at the commencement are set rather deep in gear. 

By adopting a double instead of a treble ratio in the eccentric gear, an elliptic figure is 
obtained, and in this manner, and by varying the distance between the front and back centres, the 
blocks or moulda can be obtained in endless varicty, and of any shape. 

Figs. 1671 to 1673 aro of a screw-cutting and turning-lathe, constructed by Ferris and Miles, of 
Philadelphia. It has been designed to afford a quick and convenient method of cutting screws of 
different pitches, and of changing from turning to screw-cutting, or the reverse. 

The cone spindle a extends beyond the end of the lathe, and carries upon it two sliding pinions 
bdof different diameters, upon whose bogs plays a double-slutted swing-arm c. This arm may carry 
by means of the straight slot d one or more intermediate wheels, which gear with either of the 
sliding pinions 45, and can be swung into gear with any wheel of the cone of gears f on the lead 
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screw of the lathe. Also by means of the curved part with its slot ¢, the swing-arm may be fastened 
by its split-clamp g and pinch-bolt 2, at any point of the index stud 4. 

The wheels of the cone f, are so calculated with reference to the sliding pinions upon the spindle, 
that sixteen or more differerit screw threads of the American standard may be cut by them, say from 
1 or 2 an inch pitch up to lian inch. ‘These figures are laid off and stamped as an index upon tho 
index stud 2, 

Practically, therefore, the operator has only to set the split-clamp q, by its pinch-bolt A, at any 
desired firure of the index. The intermediate wheel will then gear with the proper whecl upon tho 
lead screw to cut the pitch indicated by the index figure. The upper line p of figures in Fig. 167: 
shows the number in pinion, and the lower line s the number in epur. 
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Of the two lines of figures of the index, the one marked in spur is derived from the large 
sliding pinion 4, the other line marked in pinion from the smaller, The change from one to the 
other is made instantly, by slightly slacking the screw stud, whieh clamps the intermediate wheel in 
the straight slot dof the swing-arm c, and changing the split-washer 4 from the inside of the arn 
to the outside, or the reverse, the intermediate wheel being moved just one gear face, as the split- 
washer y is of just that thickness. 

The thread upon the lead screw is reserved for ecrew-cutting only, but by means of a keyway 
traversing its whole length, the sercw is also made to serve asa driving shaft for a trainof gears in 
the carriage, from which is derived the cross feed 
motion, and also, by means of the rack upon the bed, 
the Jongitudinal traverses for turning and surtacing. 
Thexe are applied and released by single motions of 
convenient handles. It is to be observed that the 
index gives sixteen or more changes of traverse by the Q(@RRRAS. 
rack gearing for turning, and surfacing, and cross a= SP 
reversing, in addition to the sixteen or more changes 
by the lead serew for screw-cutting. Therefore the 
operator has at his instant command a variation of 
thirty-two or more traverses, comprising all the screw 
threads in general use. 

The sliding head spindle is fitted with oa split 
conical bushing. This can be drawn into a conienl seat by a nut and handle when it is wirbed to 
clamp the «spindle which, by this means, is centred and held truly in line, 

The Inthe by Richards and Atkinson, of Manchester, Figs. 1674 to 1679, has some features 
difftring from ordinary practice. It is intended e-pecially for performing repair work in wood- 
working and other factories, and is reduced to the most simple form, 80 a8 to cheapen its firet erst, 
and present no complication which might hinder successful use in the hands of those not well 
skilled. The feeding and chasing screw are placed centrally under the frame, out of the way 
and well protected from chips and dirt. The distance of the fred serew from the spindles in the 
same as though it were placed at the side of the frame, and the nut being under the centre of the 
saddle, the furce of the screw falls equally on cach side. The nut is engaged and disengaged hy a 
pivoted bar, Figs. 1675, 1679. The cone pullcys are respectively 12 in., 94 in., 7 in. and 6 in. 
diamcter, with a width of 23 in. on the face. The saddle is connected at the rear end, and con- 
siderably strengthened by a strong frame surrounding the main frame, Fig. 1674; the latter frame 
is mounted on a strong box leg, 12 inches square, placed nearly under the gap, instead of at the end 
of the frame in the usual manner. The tool block is mounted on a swing plate, and can be moved to 
any point on the saddle, which is made with a plain flat top to accommodate boring, milling, or 
drilling appliances. The sliding head is arranged with a lateral adjustment for turnin taperin 
picecs, and can be set 2 inches from the centre line. The gap piece te fitted at one end only fint 
against the frame, and kept in place with accurately fitted dowel pins. The change wheels ure Mo 
arrangral thot but a single one is changed in cutting screws from four to twenty threads to an inch. 

1678 is an end view of the gap piece, and Fig. 1677 is a chuck to hold drilling tools. 
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Fig. 1680 is a double lathe for turning the tires of railway wheels, or executing any similar 
work. Two separate lathes are carried on .one base-plate, thus effecting a saving of space, and 
rendering the machine compact and self-contained ; one man can attend to both lathes, as while 
one side of the lathe is working he can be engaged in fixing the work on the other side, or both 
sides can be working together. Both tho rests are fitted with two compound tool-holders, each 
worked by separate screws, so that they can be adjusted quite independently of each other, thus 
allowing two cuts to be taken on the work at the same time. The lathes are made self-acting by 
the ordinary overhead gear. The total weight is about 20 tons, and it is arranged to turn up to 
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6 ft. diameter. Tho driving cones have each four speeds, the largest being 27 in. diameter, and 
the smallest, 15 in. diameter, and arranged to take a strap fin. wide. It is treble-geared, thus 
giving a great amount of driving power. The spindle wheels are 2 ft. 6 in. diameter by 5 in. wide, 
and the face-plate is 5 ft. 6 in. diameter; all this gearing is 15 in. pitch. The journals in spindles 
are 64 in. diameter by 11 in. Jong, and made of Bessemer steel, The bushes are of the best gun- 
metal. The saddles for the compound rests are 7 ft. long, the screws in them are 1} in. diameter, 
and cut with a double thread to 4 in. pitch. The compound screws are 13 in. diameter. The 
screws for adjusting the saddles are ah inch diameter, and cut two threads an inch. The total 
length of base-plate is 18 ft. wide, and 6 in. deep. 
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The facing-lathe, Figs. 1681 to 1683, by H. Hind and Son, of Nottingham, is a special tool 
designed to facilitate the turning, boring, and facing of fly-wheels, strap pulleys, and the like, 
which may run up to 12 ft. in diameter, and 18 in. in breadth. It consists of a massive headstock 
carrying a strong face-plate 8 ft. in diameter, bolted on a wrought-iron spindle 10 in. in diameter at 
the largo bearing. The lathe is single, double, and treble-geared ; the ordinary cone speeds are 
5 in. broad, the large speed 2 ft. 8 in. in diameter on the spindle, and back gearing on an eccentric 
shaft; and hasa third shaft and wheels running in an eccentric socket at the back of ae head- 
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stook, on the end of which the pinion is keyed for gearing into the internal wheel bolted upon the 
back of the face-plate, this socket being thrown into gear with the back socket and face-plate wheel, 
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by the worm and wormwheel moved by the handwheel in front of th 
6 headstock, There 
eae igs each fitted with compound slides and swivel motion. The front rest is Selena hes i 
r holder for two tools, which will turn down the sides of a wheel rim, or the edges of druma, 
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at the one operation, whilst at the back, or opposite side of the wheel more properly, the inverted 
tool and rest are placed for turning the faces of the fly-wheels or drums. This last rest is fitted 
with an additional slide moved by a steel runner working in a bracket, so that when the feed 
screw is traversing the tool across the face of the wheel the template moves the slides and the tool to 
its own curve, thereby turning the curve or rounding of wheel at one cut. 

The centre rest is for boring and facing the bosses of wheels, and is fitted as the other, with 
compound slides and swivel motion for facing and turning the boss, and for boring; one end of the 
cutter bar is held in the tool-holder, and the other end of the slide is steadied in a hole 3 in. in 
diameter and 18 in. in depth, bored in the spindle, by which means a boss 18 in. deep can be bored 
if required, The whole of the rests can be worked together or separately ; they are mounted on a 
strong foundation 17 ft. G6 in. in length, and are readily adjustable in any direction. They aro 
worked by a chain moving a weighted lever and catch, acting on the feed wheels in any position, 
the chain being worked from a dise wheel on the back shaft, and driven from the main spindle end. 
The weight of thia lathe complete is 18 tons 15 cwt. 

To avoid imperfection in the running spindles of lathes, or any lateral movement which might 
exist in the running bearings, there have been many attempts to construct lathes with still centres 
at both ends for the more accurate kinds of work. Such an arrangement would produce a true 
cylindrical rotation, but must at the same time involve mechanical complication to outweigh the 
object guined. It has besides been proved by practice that good fitting and good material for the 
bearings and spindles of lathes will ensure all the accuracy which ordinary work demands. 
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The cutting point in both turning and boring on a slide lathe is at the side of a piece, or nearly 
level with the lathe centres, and any movement of a carriage horizontally across the lathe affects 
the motion of the tool and the shape of the picce acted upon, directly to the extent of such deviation, 
so that parallel turning and boring depend mainly upon avoiding any cross movement or side play of 
a carriage. This, in both theory and practice, constitutes the greatest difference between flat top 
and track shears; the first is arranged especially to resist deviation in a vertical plane, which is 
of secondary importance, except in boring with a bar; the second is arranged to resist horizontal 
deviation, which in nine-tenths of the work done on lathes becomes an exact measure of the 
inaccuracy of the work performed. 

A true movement of carriages is dependent upon the amount or wearing power of their bearing 
surface, how this surface is disposed in reference to the strain to be resisted, and the conditions 
under which the sliding surfuces move; that is, how kept in contact. The cutting strain which is 
to be mainly considered, falls usually at an angle of 80° to 40° downward toward the front from the 
centre of the lathe. To resist such strain a flat top shear presents no surface at right angles to the 
strain; the bearings are all oblique, and not only this, but all horizontal strain falls on one side of 
the shear only; for this reason flat top shears have to be made much heavier than would be 
required if the sum of their cross-section could be employed to resist transverse strain. This 
difficulty can, however, be mainly obviated by numerous cross-girts, which will be found in most 
lathe frames having flat tops. 
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A carriage moving on angular ways always moves steadily and easily, without play in any 
direction until lifted from its bearing, which rarely happens, and its lifting is easily opposed by 
nijustable gibs. A carriage on a flat shear is apt to have play in a horizontal direction because of 
the freedom which must exist to secure casy movement. Iu the case of tracks, it may also be 
mentioned that the weight of a carriage acts as a constant force to hold it steady, while with a flat 
shear the weight of a carriage isin a sense opposed to the ways, and has no useful cffect in steadying 
or guiding. The rigidity and steadiness of tool movement is notoriously in favour of triangulur 
tracks, so much so that nearly all American machine tool-makers construct lathes in this manner, 
although it adds no inconsidcrable cost in fitting. 

Tapping, which is the converse of screwing, is usually done by substituting a tap for tho dies 
in a screwing machine; but where the hole is small, or does not pass through tho work, there are 
objections to this plan. There is an ingenious form of tapping machine used by gunmakers and 
sewing-machine manufacturers for that kind of work. One of these machines is shown in Fig. 1684. 
The tap is clamped in a chuck on the end of a spindle, 
which runs in bearings in a small headstock, and has 1684. 

a certain amount of end movement allowed it; two | 

pulleys run loose, in opposite directions, on the spindle, Ler 7 J] 

and the one at tho front of the headstock revolves ( a 1 ¢ 

faster than the other. The work to be tapped is placed 

in a small rest, or holder, at the end of a bar that 

slides through a loose headstock. When the hole is to —— — — 

be bored, the work is pressed slightly against the end W, 

of the tap; this moves the spindle endways, and causes Se 

a lug to come in contact with the back pulley, which eso sect e eee Sead ea 

makes the tap revolve in the proper direction for cut- 

ting. The action of the tap draws the work forward 

until an adjustable collar on the bar prevents the 

holder moving any further; the continued action of 

the tap then draws itself forward in the work, and 

moves the lug out of gear with the back pulley, and 

the tap ccases to revolve. To withdraw the tap, the 

work is pressed gently in the opposite direction, when 

the lug on the spindle comes in contact with the front 

pulley and the tap is run quickly out. — SF agers 
Drilling and Boring Machines —Fig. 1685 is a radial 
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drilling machine by Gregeon, Brown, and Son. The arm is capable of being worked rnunc 

angle, the slide holding the spindle can also be worked at an ancl by worm sad wheel The whe 
tool is very massive and strong for the work it has to perform. The spindle is 3 in. diameter, and 
long enough to drill a hole 20 in. vm and there is sufficient range of velocity in the speed pulle ‘s 
and gearing to obtain the right speed to drill from the smallest size up t) a 15-in. cylinder. The 
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driving apparatus is provided with two sets of pulleys for fast and slow speeds. The arm is 7 ft. 
long from the centre of the upright shaft, and the slide is moved backwards and forwards by a 
rack and pinion fixed on the top of the arm, and worked by a very simple contrivance. The tool 
can be converted into a slot drill if required. The upright standard is firmly fixed to a planed 
base-plate, which is 11 ft. long by 4 ft. wide, and 6 in. deep. When the jib is worked to the top 
it will take in 5 ft. 6in. from the top of the base-plate to the under side of the spindle nose, or 6 ft. 
to the under side of jib. The jib can be lowered 20 in. to within 3 ft. 10 in. of base-plute. It is 
worked up or down by a worm and wheel, and two sets of racks and stec] pinions. 

Fig. 1686 is of an upright drilling machine by Ferris and Miles, of Philudelphia. The drill 
spindle A is counterbalanced by a weighted lever B attached directly to ita upper extremity, this 
lever holding it up securely againgt a fast collar on its 
lower end, and thus preventing the breukage of drills 1646. 
by any lost motion. The spindle receives its rotary 
motion by bevel gear, baving the ratio of 3 to 1, placed 
near the top of the machine, the spur with its face 
downwards to prevent dirt lodging in the teeth. The 
lower end of the spindle A is firmly supported in a 
bearing c of a long carriage or saddle C, which is 
gibbed to the guides D of the frame E, aud traverses 
thereon a distunce of 17 in. exactly in the mani r of 
uw lathe carriage upon its bed. 

The carriage C, Fig. 1687. has a rack e cut upon 
it, into which gears the pinion ff, whose shaft F has a 
crank hundle H fastened to it and a wormwheel G 
loose upon it, except when clumped by a pinch-bolt 
through the handle H. This pinch-bolt has a wedge- 
shaped hcad which plays in the annular slot g of the 
wormwheel G, and a pinch-nut A outside of the 
handle H. By tightening A the wedge-shaped head 
of the pinch-bolt is jammed in the annular slot 7, and 
the handle H is elamped tirmly to the wormwhecl. 

The sutomatic f-ed motion is taken off the spindle 


A by a belt working upon the cones 7 and J, the ae 
larger of which, J, is fast upon the rod K, and, by A! 
revolving it serves to drive the worm screw L, when mt fe: 





clamped thereto by the friction disc M and pinch-nut 
N in the conical handwhceel Q. When thus clamped 
the serew IL causes the wormwheel G to revolve. 
When the pinch-nut 4 is slack the carriage C, and - 
with it the drill, may be thrown upward and down- ps 
ward rapidly or slowly at will by meaus of handle = on 
Hi, pinion ¢, and rack f. When the pinch-nut A is (a}eumeem_pe 
tightened the carriage may be traversed slowly, either od BFA 
by hand, by means of the conical handwheel Q, or - 
automatically by tightening the pineh-nut N. 

It is to be observed that in releasing the feed 





motion to run the drill up, the operator’s hand, after 

releasing the pinch-nut A, is in exactly the right place 

at the handle H. Also in bringing down the drill to ; - 
the point at which it is to have the feed put on, he 
has no additional movement of any kiud to nuke. It 
will also be noticed that the handle H, by its pinion 
Jf, takes hold directly of the carriage with no idle 
gears to be dtiven as in the usual quick returns, and 
that the extremity of the spindle A guided by a 
traversing carriage O with Jong bearings, never pro- 
trudes from its beurings. The drill is always equally 
distant from its support, and must therefore drill a 
true hole. 

The machine is provided with a table swinging 
upon its column in the usual manuer, but also 
traversing upon its bracket by a screw. The slide is 
arranged with a socket in such u manner that the 
tablo can be removed and a convenient clamping 
ul secured in its pluce, also a pair of centres or an angle plate as may be required for various 
work. 
Portable drills ure especially designed for use upon pieces of work of irregular form, or which 
from their size cannot be readily adjusted under a stationary drilling machine. Figs. 1688, 1689 
show aside view und plan of the largest size machine by Thorne, De Haven, and Co., Philadelphia. 
lt is mounted on a short cast-iron standard with a crucifurm base, the latter being provided with 
slots through which bolts gn for securing the drill to the work. ‘The post a, carrying the drill, 
is held cither in the verticul bearing in the base, or tor horizontal work it is pliced in the horizontal 
bearing 6. The radial arm c is held in position in the post by the holt and plate d, the drill being 
traversed to and fro by means of the screw e, and rotated by a worm and tangent wheel. The end 
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of the ann is furnished with a socket which carries the drill frame, and it can be turned round so 


as to bring always the cone pulley in a line with the driving belt. 
The drill is driven by gearing, either direct from the cone, or through a system of back gearing 


shown in section, Fig. 1688. The automatic feed is obtained from a small pulley on the main 
cone pulley-shaft, a strap passing from the former to a small pulley above, which 


drives @ worm and 
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rotates a nut, through which the screw spindle f passes. The worm is hinged at g, and can be 
thrown out of gear by turning a small eccentric at 4, and tho feed can then be worked by the hand- 
wheel ¢. In the smaller machines, as in Fig. 1693, the back gear is omitted, and the drill is driven 
direct through the bevel pinion on the cone pulley-shaft. In one form 
nigo. the bearing in the end of the arm, instead of being cylindrical 
_1 made spherical, and the drill is mounted on a spherical boss, held in 
the bearing by a collar; when this latter is in position, the frame can 
only be rotated in a horizontal plane, and the spindle is ad BATS 
with the base, but if the collar is removed the frame can be set at 
any angle desired. This moditication has many useful applications in 
drilling irregular forms. 
The mode of driving this drill is very ingenious, and is shown in 
the illustration, Figs. 1690 to 1692. The countershaft is driven by 
a strap passing through an eye, and which is shifted to the fust 
pulley when the cord & is pulled and held in position, the weight / 
always tending to throw the strap to the loose pulley. On the other 
end of the countershuft is a grooved pulley m, over which the cord 
passes which actuates the drill. Below this grooved pulley is a frame 
n, supporting a swing hanger o, the centre of which is hollow, as in 
Fig. 1690. In this swing hanger are two idle pulleys 7, 80 placed that 
the delivering edge of one of them is always in line with the receiving 
edge of the grooved pulley. The cord passes under the pulley p, over 
the grooved pulley, through the hole in the hanger n, and then hangs 
down, being kept tight by a weighted pulley 73 it then passes around 
pulley p’, and over the cone on the drill. Tho weighted pulley is used 
so that as the drill is moved to varying distances from the counter- 
shaft, there may be an extra length of driving cord available. If more is 
required additional lengths can be added ae nere connections, 
Fig. 1604 isa a rien tool, designed by Hind and Son, Nottingham, to facilitate the boring and 
facing of engine cylinders and the like. The machine consists of a strong bed, upon which is fixed 
a vertical slide adjusted by screw and nut, and fastened by bolts and nuts in the tue-grooves. Upon 
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this vertical slide is mounted a strong headstock carrying the boring sockets. This headstock is 
also adjusted by a screw vertically; the socket runs in parallel bearings, and is driven by a spur 
wheel 1} in. pitch, 4 in. broad on face, keyed on to the socket ; the wheel is driven by a pinion, 
receiving its motion hy mitre-whcels connecting the horizontal shaft with the vertical shaft, and 
the vertical shaft is driven by mitre-wheels on the lower horizontal shaft having bearings in the 
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bed of the mnchine, The shaft has double power gear, and a 4-speed cone, thus allowing the 
headstock to be adjusted in the vertical and transverse movements. The boring bar is fed self- 
acting, by a serew deriving its motion from a series of wheels driven from the end of the boring 
socket, and is furnished with a wheel for adjustment by hand. 

The bed to receive the work is fixed nat right angles to the transverse movement of the headstock, 
it has a planed surface and slot holes to bolt work down, There is a boring bar-stay and apparatus 
for facing the ends of the cylinders, at the same time the boring operation is procceding. This 
consists of a base-plate adjustable and fastened to the bed, upon which is a vertical slide or bracket, 
adjusted in the bottom plate by a screw and bolted to tee-grooves ; upon this bracket is a crosshead 
and bearing to stay the boring bar. The crosshead is furnished with two tool-holders, capable of 
being worked to or from the centre of bar or crossheads by a self-acting tappet motion acting on a 
star-wheel working the screw in the crosshead. The facing apparatus can be disconnected from the 
boring bar when not wanted, and can be adjusted vertically to suit height of boring bar. This 
machine will bore holes up to 16 in. diameter, traverse the boring bara distance of 2 ft. 6 in., and 
ndmit articles on the table up to 28 in. centres. Themachine can be made to admit greater lengths 
aud heights, and can be furnished with one or more boring heads, either on one side of the work 
table or ut right angles for boring holes at right ungles to each other, over any specified area. The 
machine can also be used asa turning and facing lathe for various articles, by fitting a suitable 
chuck on the boring socket, and fixing a compound slide rest on the bed of the machine. 

Tho operation of drilling or boring tube holes through boiler plates and other similar work is a 
somewhat complex and costly process by the ordinary methods in use. We will assume, as an 
example, that a 3-in. hole is to be drilled accurately to a circle marked out on a tube plate 
8-in. thick. It is usual to drill, say a 3-in. or j-in. hole in the centre with an ordinary drill. 
This hole, which is to act as the guide for the accuracy of the subsequent work, must of necessity 
be carefully drilled in the exact centre, to a circle first set out on the plate, and it is well known 
that drills aro very apt to run this way or that way, according cither to the form in which they 
are ground, or according to tho perfection or imperfection of the centre punch mark from which 
they start, or from the lefective condition of the drilling machine itself, any of which causes, or all 
combined, will produce irregular work. This central-hole drill labours under the disadvantage of 
ull ordinary drills as comparcd with cutters, inasmuch as considerable pressure is required to 
force the centre a edge of the drill into the iron, to the extent of the thickness of the shaving 
or drilling taken off by the cutting cdge at each revolution of the drill; and the blunter the drill 
the greater is the pressure required to enable the drill to cut at all. 

Added to this, the hole through a 3-in. plate is not complete till the 1695. 1696. =: 1697. 
drill has been fed down through a depth of 1 in. or 14 in. or more, 

nccording to the length of the Y point of the drill. After this hole has 

been made a secoud work has to be done, and generally this is per- 

formed by a cutter specially made for the purpose, either of one of the 

shapes, Figs. 1695 to 1697, or of some such form. In these cutters the 

centre portion is supposed to fit the hole first drilled, and be the guide ; 

to ensure a true hole of the larger diameter. As often as not, however, the central pin does not 
fit the hole well, a defect which, whatever may be its origin, ends in the result being either a bad 
hole, or one out of its proper position, or even a combination of the two, ; 

McKay's drill is designed to overcome these defects, and this with a minimum of setting out, a 
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less amount of machine power, and in the shortest time possible with a given thickness of plate and 
diameter of hole. : 

Referring to Figs. 1698 to 1701 it will be seen that it consists of a main body, of which the upper 
end is turned to fit the socket of a drilling machine, while the lower part forms a cylinder or case 
containing a small ram. Into the ram L, thcre are two short studs screwed through two slots 
formed in the outer case, by means of which a pair of spiral springs keep the ram fully home till 
caused to move, and draw it home again when the movement is 
over. This ram is also bored out from its upper end and con- 
tuins an inner plunger of steel, having a shoulder J at its upper, 
and ao pointed centre at the lower, end. L and J are cach 
fitted with an hydraulic leather within the case. A smull hole 
at the top of the chamber S, permits the tool to be charged with 
water or oil, and when the hole is closed by a screw-plug, the 
apparatus will] be ready for work, with the exception of putting 
in the required cutters M according to the size hole to be out. 
The centre point being placed upon a centre-punch mark made 
on a plate to be drilled, and the pressure of the feed of the 
machine brought down upon the case, J will move upwards 
within the cylinder 8, and the oil having no way of cseape 
presses hydiostatically within the chamber and forces the larger 
plunger downwards. The cutters M are thus brought down to 
the surface of the plate, while the centre remains also in the 
centre mark. If the machine is now started, the feed pressure 
will cause the cutters to perform their cutting work, while the 
centre pin still remains upon the first centre. Se soon as the 
cutters have passed through the plate, and if there is no resist- 
ance underneath, the central pin will at once push the core 
down by the hydrostatic pressure due to the resistance afforded 
by the two external springs, which will draw the larger ram 
home directly the hole is made. 

In this tool the cutters are differently formed and are also 
more easily constructed, and the equal pressure exerted by the 
fluid on each ram ensures a fair division of labour, seldom rightly 
obtained by such forms of cutters as at first described. The 
results of the use of this boring tool are, first, perfect accuracy of 
position when once a clean and decp centre-punch mark has been 
made ; secondly, a true hole with a minimum quantity of metal cut away by cutters; thirdly, the 
work performed is done in the least time computible with the circumstances of the case. 

The tools for tube-hole boring, supplied with each holder, are made so as to cut holes varying 
1 in. in diameter to suit the two ends of boiler tubes. Thus a 3-in. size is arranged to cut both 
3-in. and 3}-inch holes, and so on. 

Slutting Muchine.-—The aslutting machine of W. Sellers and Co., Philadelphia, Figs. 1701* to 1704, 
has sufficient over-reach to enable it to slot the eye of a wheel 48 in. in diameter. The slotting 
tool is operated by means of a crank diiven by what is known as the Whitworth motion, giving a 
slow movement under cut and a quick return. The crank is adjustable in Jength of stroke, the 
meximum being 12 in. This adjustment is effected by a screw p in the crank plate, the adjust- 
incnt of the connection of the connecting rod with the slotting bur is also by means of a screw 7)’, x0 
as to regulate the position of the slotting bar in height from the table upon which the work rests. 

The attachment of the connecting rud ¢ to the slotting bar is by means of a wrought-iron block 
b, always in connection with a counterbalance Iever /. The counterbalunce 4 is in excess of the 
weight of the slotting bar and any ordinary cutting tool, so as to take up all lost motion, and steady 
the operation of the machine under cut. The bearing or slide carrying the slotting bar is adjustable 
to suit the different heights of work, and enables the bar to be guided as near the work as possible. 
When the nature of the work will permit, the supporting bearing can be carried quite close to the 
table, thus giving a firm backing to the tool during its whole stroke, and ensuring steadiness of 
motion. It is noticeable that the connection of the connecting rod to the slotting bar is off to one 
side of the centre of the crank, on the pulling down or working side of the crank. This places the 
crank aud connecting red in the best relation for work, with the lent side strain on the vertical 
slide under cut, while on the upstroke its consequent increased obliquity to the line of motion dves 
nv harm. The compound table ¢ upon which the work is bolted consists of the usual compound 
slide rests of broad surface, with a rotating table on top of the upper cross slide, all provided with 
automatic feeds. These feeds are obtained from one primary motion o, a ratchet feed wheel 
operated by a cam at the back of the large driving wheel. This cain is so constructed as to ensure 
the occurrence of the feed at the top of the stroke, while the crunk is passing ita dead ocntre. 

The conveyance of this feed to any required part of the machine is effected by mcans of one 
gear wheel y, Figs. 1702, 1704, with a square hole in the eye, to fit on the square ends of the various 
feed screws and shafts. Thus fur the longitudinal feed this wheel, placed on the end of the feed 
screw s at the back of the bed, Fig. 1704, gears into a wheel between the rachet whcel and this screw, 
while the cross feed and circular fecd are driven from a wheel travelling with the compound table 
and driven from the rachct wheel by bevels, and having its pitch linc the same distance from both 
of the two shafts, so as to be within reach of either with the same wheel. The longitudinal feed 
by hand is obtained by bevel wheels within the bed, and a squared end for a crank within reach 
of the workman when he is handling the other feeds. There is acarccly any machine tool 
requiring more close watching on the part of the workman on the class of work it is required to do: 
it seldom takes long cuts, it generally being but a little while under power feed ut a time, and 
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1702. 





the amount of production, all other things 
being equal, depends upon the rcadiness 
with which the attendant workman can do 
his part of the movement, in adjusting and 
readjusting the work in various positions, 
and keeping the tool under cut as much of 
the timo as possible. This can be illus- 
trated in one class of work in common 
ractice, namely, the key seats of whecls. 

are is required to adjust the wheel in 
place, so as to have the sides of the key 
seat parallel with a dinmeter line. This 
requires some little time, while but few 
strokes of the slotting tool are required to 
cut the key seat after it is made ready ; 
it is evident that convenienoe of adjust- 
ment in such work will materially influence 
the amount done. 

Milling Machine, — Figs. 1705, 1706 
show a milling machine made by _ the 
Brown and Sharpe Manufacturing Com- 
pany, Lowell, Muss.; the feed motion is 
communicated to the carriage through a 
nmall telescopic shaft s, fitted with Hook’s 
joints, so that the slide in which tho car- 
riage moves may be set at an angle with 
the centre line of the spindle. | The small 
headstock A, carrying the centre at the 
end of the carriage has also an angular 
notion in the vertical plane, so arranged 
that whatever the angle may be the centre 
remains in gear with the feed motion. 
These additional movements render the 
machine capable of a wide range of appli- 
cation, for besidea ordinary milling a great 
variety of other work, such as reamers, 
twist drills, milling outtore, and rosebita, 
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may be produced, and the teeth of spur and bevel wheels may be also cut. The cutters used 
in these machincs are of peculiar shape, and are of the same cross section throughout, so that by 


860 MACHINE TOOLS. 


grinding them on the face they may be sharpened without altering their form. Machines having 
rotary cutters with detached teeth are sometimes used for operating upon a larger class of work, 
where it is necessary to take heavy cuts. 
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Tool-Hol lers.—Machine tool-cutters formed of comparatively small pieces of steel held in special 
tool-holdera in place of the ordinary tools, forged from steel burs of various dimensions, are largely 


employed. ; 
Figs. 1707 to 1716 are of Baville’s system of tool-holders, as made by Grecnwood and Batley of 


Leeds; Figs. 1707, 1705 are adapted for lathe tools. The tvol is shown in longitudinal section, 
1707. 1709. 1710. 
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Fig. 1707, horizontal section, Fig. 1708; it consists of two main parts A and B fitted together and 
fastened by screws a, so as to present a cylindrical head, in the interior of which is placed the 
movable nut-shaped piece C, which holds the cutter D; this nut fitted exactly to the receptacle 
formed to hold it, in the interior of the parts A and B, is of a spherical shape in tho middle, with 
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a conical part above and below, terminating in a cylindrical tenon forming two pivots, on which 
it can make a rotary movement of half a circle. The circumference of this sphere is cut with a 
thrend gearing into a worm J, the journals of which are made square at the ends to receive a 
handle ¢, by the aid of which it can be turned. In order to hold the tool firmly, C is pierced by 
an angular opening, Fig. 1707, corresponding to the section D of the cutter, which fits in very 
accurately, leaving room, however, for the insertion of a wedge-shaped piece, which is screwed down 
tightly by the screw E. 

A tool like this can act at will perpendicularly or parallel to the axis of the lathe, or in any of 
the intermediate oblique positions; further by means of its simple form and mobility, it can be 
employed in working on certain interiors, ordinarily requiring a tool forged to a special shape. 


1713. 1714. 
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A brake is therefore applied to the axis of the worm 6, in such a manner as to ensure the rigidity 
of the nut C in any desired position; this brake consists of a wedge f, acted upon by means of the 
scrow G, 80 as to press it by the interposition of the plate g, Fig. 1708, on the two half journals 4, 
embracing the axis of the screw half its circumference. The two jaws A and B are joined very 
accurately one upon the other, by means of two tenons which go into the grooves 1, Fig. 1707, and 
in addition to the screw a, the two purts of the head of the tool-holders are tixed together above and 
below the nut, by means of two rings J, titted in hke grooves. 

In the tool-holder for planing machines, Figs. 1709 to 1712, the same general features in principle 
are observable asin the preceding one, but it has in addition a small xpecial mechanism, so arranged 
au to permit of the tool being slightly inclined on the return stroke, in order to prevent it from 
becoming blunt, by rubbing on the work in going backwards previous to commencing a new cut. 
The majority of planing machines are so constructed ax to do this, but the whole tool-box has to be 
jnolinidl. whereas in this case it is only the cutter which needs moving, and being very light the 
cutting edge does not get blunted by the friction 80 soon as in the machines now in use, there being 
less weight of tool-box on the odlge of the tool. 

This planing tool-holder is shown in vertical section, Fig. 1710. Fig. 1712 is a sectional 
plan, and Fig. 1709 a back view of the box to receive the tool. It is composed of a vertical piece A, 
terminating in a cylindrical part in which the head C is adjustable; this as in the preceding case 
can rotate by the action of the worm 4, and ia widenel out to reccive the tool-box B, in which the 
tool D is held by the screw E. Tie tool-box B does not fit close into the space left to hold it in the 
head C; this permits a slight oscillatiug movement on the steel pin a, fitted half into each of the 
two pieces, Fig. 1710. ; : 

hen cutting, the tool-box B occupies the position, Fig. 1710, and takes its bearings on the 
head ut the angular parte, 0’, Fig. 1710, 80 as to maintain tho rigidity of the cutter by its adjust- 
ment. In tho movement in the contrary direction, the simple contact of the cutter on the piece 
under operation is sufficient to make the tool-box B, rotating on the pin a, reverse itself and give 
tho necessary inclination, and further to provide against the tool-box B being shaken in its various 
motions, the two aprings bring it back constantly to the proper working position. ‘The upper part 
of the head C is toothed to gear into the worm 4, by means of which it can rotate in its own bearings 
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and give the desired position to the cutter; it terminates with a screwed end on which the 
tightening nut F is fitted so as to hold it firmly in the tool-holder. The worm is also provided 
with a brake composed of the screw G and wedge /, which act on the journals A, clasping the screw 
gpindle. The different parts are covered by a plate H, Fig. 1710, screwed on the tool-holder. 
Figs. 1713 to 1716 are of a double tool-holder with horizontal cutters for a slotting machine. 
This latter tool-holder, by its conical picce B may be fitted on the head of any kind of slotting 
machine, but is specially arranged for slotting axle boxes. For this purpose it is made double, that 
is to say, provided with two cutters D and D’, placed horizontally, and in such a manner as to 
work simultaneously; each one is fixed in an oscillating box, one of the boxes being fixed in the 
slide rest C’, moved by the screw H, by means of which the extreme distance between the two 
cutters can be adjuated at will; Fig. 1716 shows a sectional plan through the pins «, and shows the 
centre bolt b, which is used to assure the firmness of the block C’, with the conical hcad B. These 
two pieces carrying the movable parts, constitute the whole of the tool-holder. 
Machine for Firing Boiler Stays—In the manufacture of steam boilers when the shell has been 
drilled it is taken apart, and all the drill-burrs removed from the plates. The outaide and inside 
edges of the holes are countersunk by machine. The plates are put together aguin and riveted up. 
The next step is to lower the furnaces and combustion chambers into the shells, to which the front 
plates are riveted. The screw stay holes are then drilled and tapped, and the stays are screwed. 
Fig. 1718 is an elevation; Fig. 1717, a plan; Fig. 1719, an end view; and Fig. 1720, details of a 
machine invented by Allan, of Sunderland, for this purpose. It consists of a hotlow pullar D, inside 
of which is placed a small steam engine, witha fly-wheel T; up and down the pillar slides a saddle EF. 
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This is reversed and lowered by a rack and beam. The pillar is moved on the bed A of the machine 
on the inverted Y foot C. Steam is introduced through flexible pipes and stuffing boxes J, and 
the various movements of the machine are controlled by one man working the hand-wheéla. The 
bar F, Fig. 1719, carries the holder, shown to a Jarge scale in Fig. 1720, which is arranged to 
rotate, und can at the same time be drawn backwards and forwards at will by the rack. 

The boiler is laid down and levelled, with the back end close to the bed-plate. The pillar can 
then traverse back and forward across the end of the boiler. A drill in then put into the end F, and 
the machine being started, the holes are drilled one after another in the two plates true and at right 
angles to the boiler plates. The drill is moved over the buiJer end by the gearing F, which is made 
either to raise or lower the saddle E, or to move the whole pillar back or forward. When the holes 
have been drilled, a tap is substituted for the drill, and they are screwed, Next the stays are sub- 
stituted for the tap, and put in place, and finally a cutter-hcad is placed on, and the stay ends all 
cut off accurately to length and shape. 

_ Emery Grinders.—The cleanliness of emery wheels, and their quick cutting character, compared 
with natural grindstones, reuder them convenient for sharpening tools. They are used to a con- 
siderable extent for sharpening saws, mill picks, paper-cutting knives, lathe tools, drills, and 
shear blades, and are found to impart a better edge to the tool thana grindstone. In Van Huagen’‘s 
twist drill grinders, the drill is placed in a chuck that presvnts it at the proper angle tu thu edge 
of the wheel, and by an ingenious link connection, the same movement of the handle for turnin 
the drill round, also gives tho proper motion for backing it off behind the cutting lip. A small 
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centrifugal pump keeps the wheel supplicd with water, which is prevented from flying off by a hood 
that covers the wheel, except at the cutting point. 

Figs. 1721 to 1723 are of this twist drill grinding machine, constructed by Thomson, Sterne, and 
Co., of Glasgow. It consists of a hollow standard having at its top a slide for the headstock carrying 
the emery wheel spindle. This headstock can be moved to and fro on its slide by the lever d. The 
spindle carrics at one end the emery wheel, while at the other it drives a small centrifugal pump, 


1721. 1722. 





which draws water from the hollow standard serving as a water tank, and discharges it on the edge 
of the emery wheel, the connections between the pump and the tank and emery wheel casing, respee- 
tively, being made by indiarnbber tubing. The wheel is so mounted that it can be shifted buck ag 
the emery wheel wears, and the water can thus always be discharged effectively on the wheel. The 
wheel spindle ix driven at a epeed of about 2400 revolutions a minute. 

At an angle of 45° with the wheel spindle, there branches off from the standard an arm carrying 
the sliding head, in which the drill to be ground is mounted. In the grinding of a drill the handles 
aand bare loovencd. From the bearing post e, the finger which is used in the preliminary adjustment 
of the wheel is removed, and the proper size of guide ring for the drill to be ground fixed on; the 
drill is placed in the hollow spindle or socket made to fit the drill and spindle, its end resting in the 
guide ring, with the left hand of the operator on the milled flanges cc’; the spindle is adjusted to 
allow about §-in. play between the flange ¢’ and the head f; the head f aud the spindle are moved, 
eo that the end of the drill is brought to the face of the whecl, and the lever g tightened with the 
right hand. The machine is then started, and the amount of water supply regulated by 
raising or lowering the flexible tube through the eye on the headstock ; the drill is adjusted forward 
with the left hand on the flanges cc’, one cutting edge of the drill being brought horizontal against 
the face of the wheel, and the drill pressed forward until the desired amount is cut away; the 
handles @ and 4 are tightened firmly; then the lever d worked to move the emery wheel back and 
forward across the fuce of the drill, and at the same time the handle 4 brought down very slowly; 
after which the drill is rotated quickly against the face of the wheel by moving the handle 6 up and 
down, until a smooth finish is given to the end of the drill; the handle } is loosened, and the spring 
stud pulled down underneath the head f. The handle a is thrown over, and the handle 6 tightened, 
the operation being repeated as in grinding the first side of the drill, After setting the handle a it 
must not be loosened until both cutting edges of the drill are finished. To prevent the water from 
freezing in the tank, thereby endangering the pedestal, it is recommended to add a small quantity 
of glycerine, otherwise the water should not be allowed to remain in the tank over-night during 
frosty wenther. 

An appl ication of emery wheels with mouléed cdges is shown Fig. 1724, which isa machine made 
by Sluck’s Emery Wheel Co. for cleaning out the teeth of wheels. ‘The emery wheel is turned to 
the shape of the space between the teeth, and revolves in a small headstock, while the wheel, or 
pinion, being operated on is moved vertically in front of it by means of an eccentric motion, and at 
the end of cach stroke is turned automatically through the space of one tooth. These machines are 
exclusively uaed by makers of textile machinery, afd will clean from 1500 to 2000 teeth an hour. 

A similar arrangement is used in the Universal Tool Grindcrs of Thomson, Sterne, and Co. 
Ono of thesu machines is shown in Figs. 1725, 1726. It will be seen that the centrifugal pump is 
placed at the back of the machine, and is driven from a pulley on the countershaft. The 
safety grinding ring used with these machines is made so that the sides of the emery ring 
are gripped between two washers with dovetail grooves in them, which would keep the pieces 
in position should the ring break. Corundum, which is a pure form of emery, and a harder and 
sharper abrasive than the emery of commerce, is used where it is important tbat the wheel should 
remain of the same diameter and shape. Morton Poole’s system of grinding chilled calender rolls 
is an instance of the application of corandum wheels ; there are several peculiar features about this 
process of grinding, and au extremely accurate result is obtained. . ; 

It is well known to all who have had experience in emery grinding that to perform rapid cutting 
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a very high speed of the wheels is desirable. But it so happens that those emery compounds which 
are best adapted for quick cutting have also the least cohesive strength, and hence the speed at 
which it is possible to drive safely ordinary discs made of such compounds is limited. 

To obviate this is the object of the device invented by Butler, Figs. 1727, 1728, where, instead of a 
disc of emery, a ring is employed made up of segments aa. These segmonts are placed within the 





flange 8’ of a casting >, and inside them are arranged the curved plates ec, which are tightened up 
aguinst the grinding segments by the screws //, interposed between the plates e and the boss c. 
The pairs of locked nuts yg are used for balancing the wheel, and they enable this balancing, an 
important matter in wheels driven at a high speed, to be uccomplished very readily and uccurately. 
Fig. 1729 relates to un arrangement differing slightly from that of Fig. 1727, the casting being, in 
this case, of such form that the plain disc 4 is interposed between 
the adjusting screws f and the work which is being ground, It 
will be understood that the grinding is performed by bringing the 
work against the annular surfaces «’, presented by the grinding 
blocks instead of against the periphery of a wheel as is usual. 
As the surface a! wears away, the grinding segments are shifted 
further out, a portion of the thickness of the segments being made 
of a non-grinding compound, so that they may be held firmly until 
all the grinding part is utilized. 

Segments held in the way described can be driven with per- 
fect safety at exceedingly high speeds, while the manner in 
which they are held is such, that there is nothing about the 
device likely to catch against work or do damage by anything 
falling on it. This isan important matter concerning the safety 
of the workmen using the wheels. 

Ransome’s emery wheels are much esteemed in English works, 
and from the circular of the makers, A. and H. Buteman and 
Co., of Greenwich, we give the following practical remarks, which 
apply generally to emery wheels, on their use ;— 

‘It is well to run a coarse and a fine whecl at opposite ends 
of the sume spindle, doing the rough work on the former and 
finishing up on the latter. Far more work can be got out of the 
wheels by applying the work lightly to them, than by pressing or 
crowding it; the lutter only beats the metal, makes the wheel 
giaze, and often go out of truth. 

“Speed has a grat deal to do with result; from considerable 1729 
experience, a surface speed of 4000 to 4500 ft. a minute, say 1350 : 
revolutions of the spindle for a 12-in. wheel, is recommended, although a thick wheol may be run 
one-third faster with advantage, and good work may be got out of a slower speed. 

“ A foundation for the machine, goud enough for slow speeds, will not do for high ones. Any 
Vibration or tremor while at work is certain to produce bad results. It is not enough to screw a 
spindle firmly to a bench or table, the latter must itself be firm and rigid. In self-contained 
machines, a good concrete foundation is necessary; the expense will not be gradged, when the 
results are compared with those obtained from a machine on a shaky foundation. [t must be 
remembered, that a larye amount of ee force is developed in a dise revolving many hundred 
times in a minute, and this must be met by firm foundations, and proper screwing up of the washers 
and tide plates. Too much care cannot be taken on these points.” 

To A. and H. Bateman and Co. are also duc the subjoined practical suggestions :— 

“ Examine emery wheels and machinery at Icast once a day. 

“ Remedy any defects at once, and on no account go on working with anything out of order. 
Tf a machine vibrates, add or alter requisite fittings. If a wheel is chipped or ont of truth, truc it 
with a black diamond. This may be done while running at full speed, care being taken to touch 
the wheel very lightly. After trueing, the whecl will be dull; rough it by running it against a 
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piece of copper, or a piece of hard coke. Do this frequently= it mukes work better, and wastes the 
wheel far less than waiting until it is very much ‘ out.’ 

‘‘ Never let the spindle jump or get hot, cither will injure the wheel and produce bad work. 

“See thut side plates fit the spindle, and are fairly true. Screw up firmly, but not so tight as 
to crush the wheel. Do not use too long a spanner, it is difficult to estimate the force applied by 
means of a acrew and long lever. 

‘“‘ Be careful to run the whevls at about the indicated speed; they wear out quicker if run much 
slower, and are apt to go out of truth, and an unnecessary risk is run if the speed be too great, 
Ascertain the speed by means of a counter. Calculation by size of pulleys is not very reliable, 
owing to the difficulty of making proper allowance for slip. 

“If working with water, let it be applied close to the work, through a small orifice in a pipe 
under some pressure, either from the main, or from an elevated cistern. The wind caused by 
the wheel will otherwise tend to blow the water away. If too much is used it will fly off and 
cause inconvenience. Generally, working dry will be found preferable, but for tools and small work 
water is necessary. 

“With tools and small work, hold in the right hand and press near the end with some of the 
fingers of the left hand. The moment the heat becomes uncomfortable, dip the work in water 
standing by, and then replace it on the wheel dripping, it not being necessary to dry it. Heat that 
will not hurt the fingers, will not injure the temper of the steel. 

“Ifa wheel breaks, nearly if not all the fragments will fly in the line of rotation. In grinding, 
thercfore, stand us clear as possible of this tine, to avoid injury in case of accident. Railway trains 
sometimes come to grief. An emery whcel running the same speed may do the same, but will not 
with proper care. 

‘6 Mount the wheels with the proper washers, and do not strip them off and put on others. 

“Most important of all, remember that fair working gives best work. Forcing work against a 
wheel injures both, causes risk of accident, hastens the wear of the wheel, frequently causes 
glazing, which never happens with proper grinding, and is sure to wear a wheel untrue and involve 
very frequent trueing up.” 

There is but one limit to the use of emery wheels for fettling castings, and that is the size and 
weight of the castings. <All castings, whether iron or brass, not too heavy or unshapely to be rcadily 
handled, should be fettled by the solid emery wheels, and it is placed beyond dispute by the expe- 
rience of years, that this plan is cheaper and more practical than any other. 

We ace little reason to doubt that the solid wheel will in time entirely displace the grindstone, 
There is really no advantage in the very large size of grindstones, and the great variation between 
their maximum and minimum size, causes much inconvenience to the workman. The size of eme 
wheels is such thut they occupy but little space, and are mounted with the greatest ease and speed. 
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They are so strong that they can be run at an immense speed, and being composed of angular grains 
of a mineral only inferior in hardness to a diamond, they cut much more rapidly than grindstones, 
whose uneven texture is mainly caused by round and waterworn particles of silica. While the 
stones have to be roughed and picked from time to time, no really good emery wheel ever requires 
such treatment, presenting alwaysa fresh, free, sharp-cutting surface. In consequence of the hard- 
ness of the surface and the very high speed, the work needs to be lightly touched to the wheel, and 
the selection of heavy men as grinders is done away with, as are alav the swinging boards, housings, 
and appliances for gettiny pressure. Owing to the moderate size of the wheels, they can be easily 
eee dee > ai tools, and thus always revolve as perfect circles, instead of becoming eccentric 
as the stones 


Rolling Machines.—Figs. 1780, 1731 illustrate a set of plate-bending rolls, made by, Grant and 
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Macfarlane, of Johnstone, near Glasgow. It will be seen that the upper part of the frame carrying 
the bearing and elevating screw is made in the form of av arch, and is attached to the lower part by 


two bolts; when necessary, 


one of these bolts may be removed, and the top frame swung clear 


round on the other. Bent plates may be straightened in machines of this kind by running them 
through the rolls, with the top roll set to neutralize the existing curves. 


Angle-iron, T-iron, and bulb- 
iron may be bent in the same 
way as plates if grouves of the 
proper shane are turned in the 
rolls; but in the machines 
usually employed for this pur- 
pose the works are placed verti- 
cally, and project clear of the 
frame. In the mnuchines for 
bending garboard strakes, the 
garboard strake is the line of 
plates next the keel of a ship, 
the plate to be bent is clambed 
to a table, and the bending-roll 
brought to bear upon it by a 
powerfully-geared quadrant at 
each end. Machines for flang- 
ing and preparing the edges of 
plates are now generally used in 
the best boiler works, and not 
only effect a considerable saving 
of time, but turn out cleaner 
work than that done by hand. 

Hydraulic Tools, — For cir- 
eular work, the most rapid way 
of forming a flange is to give a 
rotary motion to the work, and 


deflect the edge by bringing rollers to bear upon it. 
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Where the work is irreguiar, and cannot bo 


operated upon by a rotary machine of this kind, the flanging is usually performed by pressing 


the work 
similar arrangement of hollow dies is em- 
ployed, except that the movable die is fixed 
on the plunger of a hydraulic press. 

The plate required to be flanged, having 
been properly heated, is drawn out from 
the furnace over iron bars, on to the annular 
ring, Fig. 1732. The four smal) plungers 
carrying the table are then opened to the 
accumulator pressure. ‘This table, rising 
up quickly, firmly holds the hot-plate 
against the top die, until the pressure being 
admitted into the lurge cylinder, the ram 
of this also rises, carrying the lower mov- 
able table, on which is attached the annular 
ring, on which in the first pluce the plate 
was placed till adjusted and securely held 
by the movable table. The ring, travelling 
up, catches the projecting edges of the 
plates to be flanged, und bends them accu- 
rately over the die. The valves of both 
the main and small cylinders are then 
opened to the exhaust. ‘The large one falls 
very rapidly, owing to the weight of its 
parts, and the plate: just flanged thus comes 
off the die immediately befure it has had 
time to contract on it. One valve works 
all the fuur small, and another the large 
cylinder. 

A. variety of irregular shapes can be pro- 
duced by this machine, such as locomotive 
fire-box euds and front tube-plates with 
reverse flanges, and it is stated the saving 
amounts to fully two-thirds of cost by hand. 
This ia without taking into consideration 


tween dies, on the plan of Piedbawuf’s hydraulic flanging machine, Fig. 1732, a 
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the economy in being able to use plates of an inferior quality in place of high-class brand i 
: : which 
may be only necessary because the commoner, but equally strong kinds, would not stand the fire and 
working ; but there ia the additional saving in cust in the fitting together afterwards, in saving of 
fuel, aud wear and tear of furnace. A fin. thickness of plute and 7 ft. diumeter can have a 44-in. 
i 


or G-in. flange put on all round in a 


ttle over 30 seconds, 


The only limit to the machine's 


performance a day is the furnace power which can be placed round it, 
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Similar results are obtained by the use of the presses devised by Haswell of Vienna which are 
illustrated in Figs. 1733 to 1738. The pumps are worked by a horizontal direct-acting steam 
cylinder, of large size, the working of which is directed by an automatic arrangement, so that it is 
perfectly and instantaneously under the control of the driver. ; 

Fig. 1733 isan end view of the press and steam engine. Fig. 1734 a side elevation. Fig. 1735 
is a vertical section. Fig. 2736 horizontal sectional plan. Fig. 1737 a cross-section of the steam and 


cushion cylinders. Fig. 1738, 
a horizontal section, through 
the chambers of the regu- 
lating valves of the press, 
and the attachment of the 
water pipes. 

The press consists main! 
of two vertical cylinders 
and a, of different sizes. 
These are fixed to a large 
cast-iron frame B, of cruci- 
form shape, supported on 
four malleable-iron columna, 
firmly secured to a bed plate 
B’. The two pistons A’ and 
a’ have cross heads fitted on 
their outer ends, connected 
at their extremities by two 
strong malleable -iron side 
rods 6, so that the pistons 
work simultaneously. These 
rods, passing through grooves 
formed in the upper frame B, 
and the intermediate steady- 
ing frame B” act likewise as 
guides to prevent the rams 
turning. 

The hammer is fitted to 
the lower end of the pressing 
ram A’, and the bottom anvil 
bedded to the bottom bed- 
plate B’. The muin steam 
cylinder D is fixed horizon- 
tally on o strung bed plate, 
the piston rod passing 
through packed stuffing 
boxes at both enda, to which 
are attached, in the same 
line and plane, the rams of 
the respective hydraulic 


pumps. 

A small steam cylinder 
E is placed by the side of 
the main steam cylinder to 
work its slide valve. At- 
tached to the valve rod of 
this steam cylinder E, by the 
lever I, is a tappet rod J, 
which is worked automati- 
cally by a projecting arm 
attached to the crosshead D”’ 
of the ram of the pump d, 
this acting upon the slide 
valve of the small cylinder 
E, which in its turn actuates 
the slide valve F of the main 
cylinder D, which works the 
pumps of d and d’, 

The discharge branches 
of the two pumps d and d’ are 
connected by the pipes e 
and ¢’ with the passages and 
chambers formed as in Fig. 
1738. The inlet and discharge regulating valves f and /’, are worked by levers L 1, having rods 
attached to their free ends, and directly connected with the piston rods of the two small auxiliary 
steam cylinders g and g’, The slide valves of these auxiliary cylinders urc controlled by means of 
ee levers A and 4’, 

¢ stall cylinders K are charged with oil, and have perforated pistons, the rods of which are 
alan connected to the regulating valve levers L L. Those relieve the sudden shock incident to the 
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work put upon the levers. 1738. 1737. 
There is also a loaded : 
safety valve, not shown, 
placed in a convenient posi- 
tion on the pressure pipe, 
for relief in case of need. 
The press may be 
worked at any desired pressure, regulated by the 
boiler steam pressure, and either a light or geared d 
blow, or squeeze, can be given to suit the wor . ; | 
in hand. The velocity or number of strokes a | Bae | 
minute, depends upon the efficient action and : —_ 
rapidity with which the two auxiliary cylinders 
g and g’ can be worked, as these regulate the inlet 
and eacape valves f and /f*, the driver having 
merely to handle the levers 4 and h' of the slide 
valves. No expensive foundations are requ 
as both the engine and press are self contained. 
The slabs swaged by this press are always 
hammered to some extent before being put into 
the mould, and similarly to all special tools, Has- 
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McKay and TA CorEe 60-ton hydraulio riveting machine, Fig. 1789, consists chiefly of two 
ft. long, 


levers, each 12 


the left-hand lever being stationary, and carrying the hydraulic 
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cylinders, whilst the other tarns upon a centre and advances or withdraws the dies from the work. 
In consequence of the levers being of so large a radius, the arc described by the end of the movable 
one is for all practical purposes a straight line, and no inconvenience results from the obvious 
theoretical objection that the movable die travels in the arc of a circle. Both cylinders and working 
parts are quite out of the way, being placed beneuth the ground within a pit, which is carefully 
closed, and so protected from frost, as well as from danger of injury, accidental or otherwise. 
Guarding against frost is a very great consideration, as hydraulic cylinders are often left full and 
become hiuble to burst through their contents freezing in winter. 

The machine is actuated by turning the starting handle and so giving motien to a slide valve 
of peculiar construction, which, at its highest position, allows free communication between both 
hydraulic cylinders and the exhaust; a slight movement downwards connects the accumulutor with 
the bottom of the piston of the small cylinder, which is of sufficient arca to overcome the friction of 
the packing of both cylinders, and friction and inertia of levers, and thus the dics are brought 
quickly up to their work, whilst trom the elevated éxhaust cistern, water flows in behind the ram 
of the larger cylinder, thus effecting a material economy in the quantity of water required to be 
supplied under pressure. 

The valve is next moved lower, allowing full accumulator pressure to come upon the larger ram, 
which in this particular machine transfers to the dies a pressure of 60 tons. After a slight pause, 
which ia necessary tu coo) the rivet, the hand-wheel] is reversed and the slide valve returned to its 
‘highest position, thus allowing the cylinders to empty themselves, whilst a constant pressure on the 
annular area of the small piston always draws the levers back, and the attendants mnuke ready 
ancther rivet, and alter the position of the boiler shel) under operation, The depth of gap is 
5 ft. 3 in., which is found to be sufticient fur ordinary boiler work, but this length can be increased, 
When not required for riveting, this machine is used for the purpose of bending or straightening 
ships’ beams and girders whilst cold, an ey Urea of value. The straightening or bending jaws 
are placed midway between the centre and the riveting dics, and if necessary a pressure of 120 
tons can thus be broug|t to bear upon a beam or girder placed between them Moreover. they can 
be adjusted so as to take in any depth of beam, and as they do not interfere with the employment 
of the machine for riveting, they are as well fitted for occasional as for constant use. 
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The materials of which engmetering constructions are made have had their properties made the 
subject of exhaustive researeh, but the introduction of new materials, or the advance in the manu- 
facture of those which are already well established, demands constant and unremitting attention. 
As a constructive material, steel has made the most marked progress, and it is to be regretted 
that we have so few comprehensive accounts of its qualities. That of Danicl Adamson, of Man- 
cli ster, read tu the Iron and Steel Institute in 1878, from which we quote at length, is, however, # 
marked exception. Adanmwsun remarks that numerous experiments have been conducted by several 
eminent cugincers to prove the tensile strength of iron and stecl, both in the shape of bar and 
plates. Unfortunately, however, many of the tests have been carried out with rude testing 
machines, rendering it difficult to ubtain a true result of the cudurance und strength of the metal 
under investigation. 

In addition to this, a large proportion of the specimens tested have been of short lengths of 
metal, varying from 2 in. to 4 in. and in all such cases a higher tensile strain has been noted than 
can be depended upon in practice, while the clongation has also been much overstated, a large pro- 
portion of the extension of the specimens arising from u contraction of arca, or breaking clongation. 

With an accurate and senaitive testing machine, the maxuntm load ig always carried in the 
mild ductile metals when about five-eighths of the elongation has taken place, the remuimder, down 
to the point of breakage, is develope with a gradually reducing Jou. 

Ordinary iron boiler-plutes and hard stcels are an exception to this law, and nearly universally 
break with a maximum load, but with little or no reduction of area. 

Some experiments, conducted to determine the strength of steely with fixed proportions of 
carbon only, Kave been reeorded by Viekers. Unfortunately, in this case, no coynizance was 
taken of other disturbing ingredients; but, as the tests in question Were more especially to deter- 
mine the strength of crucible steels, mostly used for teol-cutting purpeses, they were of little value 
to the constructive or mechanical engincer to guide him in his practice. 

Adamson states that having used, practically, a comparatively mild class of steels or ingot irons 
for twenty-one years, he has at Qmes found from cold mechanical bending tests some inreygulurities 
iu the working of such metals, which required a more careful investigation, both as regards com- 
een Pat and the temperature at which they could be manipulated in the workshop and practically 
Gpplired, 

He therefore test-<d the endurance of iron and steel when subject to concnasive force, such 
ascan be produced by gun-cotton, gunpowder, or other exploxive muterials, partly with a view to 
understand what would be the effect on a steam boiler working under pressure, by the side of an 
exploding boiler, or the effeet on a ship by ¢ollision with another, and whether wrought iron or steel 
poasessed the greatest power to resist such accidentally preduced force. The experiments were 
eunducted by exploding guu-cotton 12 in. above a series of iron and stoel plates, varving in thick- 
ness from ?2 to yy ofan inch. The iron plates tested were of best quality, the steel plates of a mild 
wtle-~, guitable for boiler and shipbuilding purposes. 

All the iron plates subject to explosive test were 18 in. square by ,', in. thick, placed upon a 
cast-iron anvil block, about 20 in, square, having # segment of a aphere gouged out on the top wide, 
10 in. diameter and 4 in. deep, 12 in. above the plate 3 1b. of dump gun-eotton were fixed by 
& tripod of lntha, attached to the cotton by two indiarubber rings. Again, upon this was placed 
¢ oz. of dry cunscutton with a time fuse attached, to ensure a complete explosion of the damp com- 
pressed cotton. 


Ou the gun-cotton exploding, the iron plate was entirely bruken through 10 ia. in diamcter, aud 
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the centre piece forced down to the bottom of the anvil block, breaking up in an irregular line in 
the direction of the fibre, and to some extent across it. 

The same experiment, precisely, wus conducted on a steel aie Yara but only 3 in. thick, 
which, after the explosion, with the same weight of gun-cotton, and under exactly similar arrange- 
ments, was depressed 3 in. into the recess of the anvil block without the slightest sign of fracture or 
any apparent injury whatever. 

These experiments were repeated with the same result on five more best best iron, and five 
mild steel plates, the latter being both of the Bessemer and Martin-Siemens system of manu- 
ee So far these experiments were conclusive in favour of mild steel to resist violent concussive 

oree, 

With a view to get a full and more exact knowledge of the reasons why the iron plates broke 
up #9 much, as compured with the mild steels, a further series of thirty experiments were carried 
out, operating upon twenty-seven plates of varying quality, selected from the principal manufac- 
turing districts; the iron plates of best and best best boiler quality from Staffordshire, Shropshire, 
and Yorkshire, including the Low Moor class; the steel plates both from the Bessemer and Martin- 
Siemens class of makers, 


The composition uf cach plute is given in Table I. with figured references. 


TABLE J.—ConcussiveE Trsts or Iron anp STEEx. 






































Drift! Chemical Composition. 
eae | Material aheee : 
; Annealing. | 
Fe. | C. | Mo. Si. | S. ° P. Cur: O. Cinder. 
From! To 5 | . A | 
t va) » ° : ‘ , ' ° 
5, 6 Seeernntie juss nm ‘G56 1-457 99-00 0-1370-634 0-018 0-1260-1540-004 .. | nil 
‘ ; oe ee . j { { ‘ ‘ 
ySpeciul clasa York-(). 08) a 10n ac. ies : 1 wes . 
WBA ai eeican a a8 687;1°$125 98-90 trace 0°18 0-18 | nil OB... |, | 
Special class Lanca- '. non) .< : ak Auta | Acid 
9,10 nize iron. f 6871-3125 98-90 ; trace O-14 O-l4 jtrace QT. | w. | 


11,12 Best best boiler-plate | *6X7.1-093_ 99-000'0-035 0-029 0-075 0-011 0-300 0-022 0-528 2°112 
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The annealed mild steels again show a marked superiurity of endurance, as will be seen on 
reference to Nos. 5 and 6, 15 and 16, and 19 and 20. 

In the case of the first twenty-seven tests, the charge of gun-cotton was reduced to 1} Ib., but 
being exploded 9 in. above the plute, instead of 12 in., asin the first teats. Attention may he 
further culled to Nos. 15 and 19, as these plates at the first explosion were dished down into the anvil 
about 13% in., after which the plates were turned with the convex side up, and a further charge of 
1¢ lb. of gun-cotton was exploded 7} in. above the crown of the plates, producing thereby a double 
corrugation without the plates exhibiting any outward sign of distress or injury. The mild steel 
thus showed powers of resisting concussive force, probably unequalled by any other metal that has 
ever becn manufactured, 

The two plates referred to had both been annealed previous to the first explosion, and the need 
of such annealing is illustrated by Nos. 17 and 18, which cracked and broke up by the explosion, 
the broken plate being forced down to the bottom of the dish in the anvil, ulthougn of a very good 
quality of mild steel. 

The plate from its appearance had evidently been finished from the rolls at a low heat, and had 
@ fine. smooth, oxide ved surface. 

. The neccssity of annealing is further shown by the snme class of plate, being of exactly the 
saine quality, No. 21. This plate was experimented upon after being tempered in oil and after- 
wards annealed, The composition of this plate may be considered about the sume as a great many 
Bessemer and Martin-Siemens mild stec] plates, 

The steel plate No 5 was ruptured or split by the explusion. The canse of this was not known 
or underrtocd until a full analysis was secured, when it was discovered that the plate in question 
contained about three times as much of sulphur and phosphorus, as is common to an average good 
Bessemer or Martin-Siemens mild steel boiler-plate. This experiment will probably explain why 
bonne breakages have occurred in the use of steel plates for boiler purposes, simply because the 
metal was of inferior quahty, and establishes the necd of a careful investigation into the character 
of the m«ctal an enzineer may select for practical purposes. 

The classes of wrought-iron boiler-plates that broke up by the explosion, are represented by 
Nos. 11 to 14.) Those that endured best by Nos. 7 to 10. 

In these casea the sulphur is only a trace, while the plates have about the same measure of 
phosphorus that is contained in the other iron plates that broke up in every direction. The leading 
feature of the rupture of the iron plates, in the whole series of the experiments, may be said to 


seed follow iu destruction, the quantity of sulphur, phusphorus, and cinder contained in the 
metal. 


872 MATERIALS QF CONSTRUCTION, STRENGTH OF. 


Further experiments were conducted with a view to test the iron and steel plates in question by 
drifting a washer cut from cach plate. AJ! the washers had a hole drilled in the centre, equal to 
the diameter of a rivet hole for the same thickness of plate, and with an outside diameter equal to 
the lap of such a plate for single-riveted joint. : 

The ordinary best best boiler-plates, of varying qualities, show an extension in the diameter of 
the whole, by drifting from 27 per cent. up to 50 per cent., while the best high-clase Yorkshire 
plates endured drifting up to 91°5 per cent. before bursting. : ; 

Referring to the dritt tests of the mild steel plates, the holes being gy smaller to begin with, 
or §—~,, the outside diameter being proportionately less, agreeing with the thickness of the plates, 
the enlargement of the holes by drifting range from 133 per cent. to 187 per cent. 

These drift tests further illustrate the necessity of annealing, as these proved plate No. 17 to 
be of a moderately good quality of metal, but before being anncaled the explosive furce broke 
it up. 
The composition of the two mild steel plates that withstood the highest drift test, Nos. 15-20, 
both show a low measure of carbon, but No. 19 had slightly less ela th than No. 15, and only 
3} as much sulphur, thus, to some extent, explaining chemically that a higher endurance of drifting 
test is secured by the lowest measure of sulphur and phosphorus. 

The indentation by the concuasive force also showed that the corrugation is greater in No. 19 
than in the plate, further proving it to be of rather milder quality, having slightly leas carbon, less 
manganese, less phosphorus, and very considerably Jess sulphur. The only further reference, in 
the matter of drift tests, is No. 5; the increase of the diameter of the whole before bursting amounts 
only to 122°1 percent. This plate having a larger measure of sulphur and r onn kuplle thun the 
other steel plate, did not stretch as much by about 40 per cent. as the others of better and standard 
quality, and cracked by the explosion. ; 

Innumeraple records have n published giving the tensile strength of iron and steel; the 
uality, as a rule, has only been defined by the muker’s name being attached to it, withuut any 
rcuzht or care as to what the metul was composed of. 

Great discrepancies have therefore arisen, and Kirkaldy, in his published records, 1862, gives a 
pumber of tests which were carried out by him between the ycars 1859 and 1861. It is stated that 
“the sturtling discrepancy between experiments made at the Royal Arenal and by Kirkaldy is 
due to the difference m the shape of the respective specimens, and not to the difference in the two 
testing machines.” 

A record of the experiments here illustrated, Adamson contends, clearly disproves and seta 
aside this conclusion, whilst a fuller investigation of the constituent elements of the metul will 
piainly explain the difference that is reputed to have arisen, by the variation in the shape or 
sections of the specimens tested. This, however, is open to question. 

The specimen 23 Table [L., is a piece of mild steer! boiler-plate of average good quality. This is 
bome out by the mechanical -t-st, a permanent set being indured by a strain of 19°86 tons a #q. in., 
carrying a maximum load of 20°91 tons, with an elongation of 15 per cent.,, and ultimately broke 
down with 25°89 tons a sq. in., and a total elonyation of 26 per cent. After the maximum load 
had been carried, the specimen began to reduce in a ctional area about the middle for a distance of 
from 2 in. to 3 in., carrying lesa and Jess load as it elongated, until final destruction took place at 
about 26 tonsa, The carrying power is about the average of a very mild stee] boiler-plate, aud from 
the composition such a result might be expected. 

The specimen No. 24. Table IL, is taken to illustrate the carrying power of a pain rectangular 
section of steel] boiler-plate, nearly a square inch in rectionyl area, but which is net of the hizhest 
quality, as indicated by the quantity of sulphur and phosphorus it contains, but to secure a standard 
force to break this ciass of metal, with irregular sections. 

Nos. 25 and 26 are cut from the same plate, and are of the same compnsition, but planned out 
to produce a channel section, being increased or decreased in breadth to maintain the section equal 
to about 1 sq in. 

A series of tests were made with variable sections of this character, but practically no difference 
was found, after the maximum strain hud been taken, ari-ing from the difference in form, and this 
will be seen from specimens tested. No, 24 carried] a maximum load of 27-72 tons, No. 25 carryin 
27°7 tons, and No, 26 carried 27°8 tons a #q. in. These, together with more testa, on round, 
square, and rectangular bars, all show that variable sections do not alter the carrying power; the 
disturbing inflnence being entirely that of composition, coupled, no doubt, with more or Jeas 
carcful manipulation and work put upon the material. I. making tensile tests of this character 
short specimens of 27 in. to 4 in. are inadmissible, and at beat moadirecting. ; 

The mild steel specimen, No. 27 had its surtace rough polished, over the 10 in. ander test and 
divided off inte ten equal parts. This test was carried on until the maximam strain was upon it 
and by its elongation it showed itself to be of a very mild quality, requiring to induce permanent 
set 16°96 tons a sq. in., and carrying a maximum load of 27°67 tonsa, with a total elongation of 
18°95 percent. The load was then removed, leaving the plate unbroken. 

The elongation of each separate inch was recorded, and it was found that the firet inch elongated 
14 per cent., the second inch 17 per cent, third ineh 19 per cent., fourth inch 21 per cent, the afth 
inch, arriving at the middle of the specimen, 23 per cont., the sixth 23 per cent., the seventh 20 per 
cent., the cighth 17 per cent., and the ninth 17 per cent.. or the same as the second inch, while the 
tenth elongated 14 per cent., being tue snine comparative position as regards the enda as tho first 
inch, and also ap sume elongation. 

A similar plate, No. 28, and of the same composition, was next operates 
set taking place with 16°96 tons, maximum aluraune 27°45 tone a Pilger areas ati of 
18°5, and being the same as the preceding tes!, within the most trivial fmetion. the teat was 
continued until the elongation reached 25 per cent., with a carrying load of 28°4 tons a-aq. in 

It will be seen, by the test of an elastic sample of this character fur a few inches, that a very 
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large measure of the elongation is due after the maximum load has been carried, this being called 
the breaking elongation; while the power to carry an undue load is illustrated by the small 


elongation at the two end inches, as supported by the stronger portions of the specimen that 
are in the grip boxes of the testing machine. 


TaBLE II.—MECHANICAL Tests or IRON anp STEEL. 
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Stecl .. | 10 2°66 °375 1°90 44,500 19°86 67,000 (29°91'15-0 | 58,000 25-89 26-0 


Steel .. | 10 ‘2:0! -475 | -95 '43,68419°5 | 62,105 (27-72,19-0 | 52,105 23°25 24°0 


25 | Steel .. | 10 ‘Channelled| +9187543,53719-43' 62,040 [27-7 ‘16-0 | 55,512 |24-78 21-0 
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32, Iron... | 10 (2°38 42 1°0 = 85,481 15-84 45,696 20-4 | 5°75 45,696 (20-4 | 5-75 
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41 ' Rivet steel: 5 fin. diam. °3712 52,26223-°33 76,778 34:2728-5 60,614 27°0534-0 
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No. 29, ‘fables IT. and TI, is a specimen of a much more highly carbonized steel, evidently 
well adapted for the bottom flanyes of girders of bridges, or fur suspension chains of bridges, as over 
severul testa a noteworthy fact is that yreat uniformity has been proved, 

The original area of the specimen being one squure inch, permanent set was induced by 26°96 
tons; it carried a maximum lvad of 53°57 tons, and clongated 14°5 per cent., b ing an elongation 
equal) to the best boiler-plate iron, and carrying a load to induce permanent set, just about equal to 
the full carrying power of the best Yorkshi.e boilcr-plates, thus showing that metal with about 
half cent. of carbon, 1 per cent. of manganese, with a low measure of silicon, sulphur, and 
phosp 1orug, can be depended upon to carry double the load of the best wrought-iron plates that can 

produced, and with as much dependence as regards elongation. In the drift test of the same 
specimen, being of the same proportion as those previously described, the hole increased 89 per cent. 
in dismeter, The power of this metal to endure enlargement by drifting. may also be classified with 
that of the best iron boiler-plate ; the steel withstood SY per cent., as aguinst 914 per cent. of the 
drift test of the best Yorkshire boiler-plate of the same size and thickness. 

No. 30 is a epecimen of best Yorkshire boiler-plate; to induce permanent set it required 16°74 
tons, carrying a maximum load of 25°4 tons, with an elongation of 14 per cent. maximum, and 
breaking lsat being the same. The ultimate stretch or elonyation was 18 per cent., or 4 per cent. 
incrense, after beginning to carry the maximum weight. This, like all other plate-iron specimens, 
ates under a maximum load, with a moderate clongation, and with no warning, as compared with 
mild stcels. 

The composition of thia metal is stated on Table IIL, from which it will be seen to be a high- 
class iron, by the absenoe of sulphur, and the small measure of phoshorus, and it is supposed to 
contain only about 2°4 per cent. of cinder. This specimen was tested with the grain, or in the 
direction the plate had been rolled. 

No. 31 illustrates a specimen of best boiler-plaie, tested in the direction of the grain. The 
composition shows a small measure of carbon. Permanent set was induced by 16°74 tons; carried 
® maximum load of 24°55 tous, with an elongation of 15} per cent., and then broke down suddenly 
with the full weight. No. 32 is a specimen of boiler-plate much used in Lancashire, that was tested 
with the grain. The oomposition shows the plite to be milder than the last, and it has a lower 
measure of alloying ingredheuta. Permanent act was induced by 15-84 tons; carried a maximum 
weight of 20°4 tons, with an elongation of 5°75 per cent. ; on the load being continued a short 
while, the specimen broke suddenly without further elongation. Thies plate ought to have carried 
much more; had it not contained about 3°54 per cent of cinder. ; : 

The specimen No. 34 was pulled asunder, having two drilled holes, and No. 35 is the same in 
every respect, except that it had punched holes, 
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The plate with drilled holes required to produce permanent sct, through line of the holes, 17°43 
tons a sq. in. of plate left; carried a maximum load of 28°43 tons, with an elongation in the hole 
of 56-66 per cent., breaking through without furthcr change, with the full weight. ‘The plate with 
the punched holes required to produce permanent set, 17°15 tons a aq. in, or about the same as the 
preceding one, but only carried a load of 21-89 tons, breaking suddenly through without warning, 
with a loss of 29:8 per cent. in strength, and of elongation of 33°33 per cent. through punching. 
This plate was not annealed after punching. 

The drilled plates carry a somewhat higher tensile strain through the line of hole, as a rule, in 
proportion to the sectional area of the metal left, than a solid section of plate, no doubt, the circle 
of the holes, supporting the smallest section through their centre line. 

Numerous experiments have been conducted with a view to ascertain the force required to 
punch holes through a given thickness of plate, but without taking cogniZince of the quality of the 
metal. 

To punch a hole through a steel plate, equal to a sectional inch of detruded area, may be found 
by multiplying the maximum tensile strength, a square inch, by 0°74, of the same metal, which 
will give the force required, the detruded area, meaning the circumference of the punch, multiplied 
by the thickness of the plate. This law may be depended upon both for the soft and the hard steels, 
and the total force to punch a hole through a hard plate, as compared with a soft one, may be sid 
to accurately follow the law of its maximum tensile carrying power, so that a strong steel requires 
exactly a proportionate increase of force to punch a hole through a given thickness of plate, as it 
does to pull it asunder. 

No. 38 represents a round bar of Cleveland iron, 1 in. diameter, length under test being 10 in. 
Permanent set was induced by 16°19 tons, carried a miximum load of 23°87 tons, with an clonga- 
tion of I8 per cent., and finally broke down with 22°73 tons a sq. in., und a total elongation of 20°5 
per cent. No. 39 is a specimen of an inch square bar, of a Lancashire iron made out of special 
brands of cast irons, caretully selected from English and foreign productions. The purity of this 
iron is remarkable, as shown by its analysis, whilst its mechanical behaviour was equally singular, 
only requiring to produce permanent set 11°25 tons; carried a maximum load of 19°46 tous, with an 
elongation of 33 per cent., aud broke with a strain of only 12°04 tons a sq. in., and a total elonga- 
tion of 39 per cent. This metal being singularly pure, further attention will be called to it, to show 
its great endurance over a large range of working temperature. 

No. 40 is w specimen of Swedish bar iron tested over 10 in, in length, and lined off into sceparnto 
inches, to further illustrate the peculiar behaviour of a ductile metal. Permanent set was produced 
by 12°3 tons a sq.in ; carried a maximum Joad of 19°64 tons, having then stretched 20 per cout., 
broke down with 13-27 tens, and a total elongation of 23°5 percent. Had this bar been tented over 
a length of 2 in. only, the total elongation would most probably have been registered by the two 
middle inches where the bar pulled asunder, which stretched in themselves 46°25 per cent., while 
the two end inches only elongated 14:5 per cent., thus showing that the two middle inches stretehed 
31°75 per cent. more ti.an the two end inches, and 22°79 per cent. more than the average of the whole 
10 in. Besides, that nn undue clongation must be reconled with a short specimen, it is more than 
probable that a much higher strain would have been carried before the maxtmum load was attained. 

The 10-in, length waa adopted by Adamson with a view to neutralize the extreine clongntion 
caused by what is now pronounced as the breaking elongation, besides with a moderate lenyth there 
is a greater probability of an acenrate reeord being secured of the exact currying power of the metal, 
The 10-in. length also gives facility for a simple division luto one hundred parts, and by fixing a 
ae on the testing machine the elongation per cent. can be casily and accurately read off there- 

rom. 

Nos. £1 and 42 are illustrations of }!-in. mild steel bars largely used for riveta, and ia of boiler- 
plate type of metal, but with more work put upon it to make into bars; No. 41 required 28°35 tons 
to produce permanent set, carried «1 maximum load of 34°27 tons, with an elonyntion of 28°5 per 
ecnt., finally breaking with 27°05 tous a sq. in., with a total elongation of 34 per cont. on the lin, 
length, No. 42 required 24°81 tons to induce perinanent sect, curried a maximum loud of B4°a9 
tons, with an elongation of 18°5 per cent., breaking down with 24°06 tons, and having a total 
elongation of 33°5 per cent., showing a very great difference to exist in the powers of endarannee 
between the carrying load of « mild steel and a comparatively pure ernst iron, yet the steel 
elongates nearly as much as the soft metal, illustrating in cvery way the greater powers of endur- 
ance of a mild cast steel or ingot iron over a puddled pure wrought-iron bar. Nos. 43 and 414 are 
specimens of ein. round rivet iron, specially made. These were tested in the same way as the pre. 
ecding. No. 43, requiring to produce permanent set 17-81 tons, carried a maximum fond of 24°3 
tons, with an elongation of 16°5 per cent., and a final breaking load of 22°64 tons a 6g. in., witha 
total elongation of 28°5 per cent. No. 44 required 17°81 tons to produce permanent set curris d & 
maximuin load of 25°24, with an elongation of 18°5 per cent. und a breaking load of B2-27 tuns 
the total elongation being 34 per cent. : 

Thi se bars ure shown to be comparatively high-class irons, possessing a moderately full tensile 
strength with great clongation and endurance, and such iron is avery eafe metal for rivet purposes 

In atrempting to weld steel boiler-plates, it is necessary to ascertain the composition of the metal 
before putting any labour upon it, and it is desirable that the carbon should not exceed ith of a 
per cent., while the sulphur and phosphorus should if possible be kept as low as °04 silicon Lele 
admissible up to the extent ofa jth of a per cent. Further experience is yet required ty Aaeitain 
What cxact composition gives the most satisfactory results by welding. At present some preference 
may br given to the Martin-Siemens class as compared with Bessemer metal, when both are of abo t 
the basing chemical composition. . = 

‘ew or no malleable metals, such as wrought iron or mild stee i 
that possess a range of endurance at all “a ing ieee shy Ste par an Goaicee fe 
nearly all ordinary bar or boiler iron and miid steels will endure cousideruble percussive force when 
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cold, and up to 450° Falhr., after which, as the heat is increased, probably to near 700°, they are all 
more or less treacherous and liable to break up suddenly by percussive action. ‘The poorer class of 
metals at this temperature, which may be called a colour heat, varying from a light straw to a 
purple and dark blue, are simply rotten. Some of these peculiar properties are illustrated by a 
series of tests of various qualities of metal. 


Taniy III.—Cuemicat ComMposrrion or Test Pieces, Taare II. 
















































No. | | 3 
of Material. Fe. | C. Mn. 81. Cu. 0. é 
Tert.| { | 

233 | Bessemer class of mild steel es lgo-8 lo-is 0-468 1o-028:0-031 0°037 | oa ‘ 
24 Ss s - .. ,99°057 0-082 0-68 {9° 005 0-100/0-056 0-02 on , 
25 | Pe ‘s - -. 99°057 0°082 0°68 (0°0050°1000°056 0:02; .. oa 
26 ! . = ise -. 199°057 0-082 0°68 0°0050-100:0°056 0-02 , - 
27 : Subcarbonized class of mild steel 99°397 0°180 0-284 0-042 0-007/0- 090: a es eA 
28 ' i ee me -- |99°397 0-180 0°284 '10°0420°0070°090'_—, : 

29 . Bessemer medium hard steel -- \98°4 | 0-410 1°080 0°055.0°031'0°051 trace: .. 

300 Special class Yorkshire iron.. .. ,98°9 | trace 0°18 0°13. nil (0°03; .. | ; S% 
31° Best best boiler-plute ba>- 188 99°2 10 04 0°17 "15 (0°03 0°21} .. (0°20 0°80 
832 . Best best Shropshire boiler-plate 98-8 '0°045 0°06 0-186 0°012'0° 208 0-005 0° 658 2°63 
$4.0 Martin-Sicinens class of wild steel 99° 254 0°220 | 0-432 0°011:0°041:0°042 ..); oo. tl. 
$5 7 ie ee 99°254 0°220 0-432 0°011:0-°04110-042  . | in ae 
36, Bessemer class of mild steel .. 99°057 0:082 0°68 005 0-100:0°056 0°02 |. a 
37 | . .. 99°16 .0°065 0 "005 0° 084:0-056 U-02 | ‘ 


38 : Cleveland beriron.. 6. ww. 99" °1490°014.0°309 es 
°037 0° 013 0°033 0-003 0-091 
04 0°02 0°03 | .. |... 


O : trace trace 
39° Special clans bur iron ..  ..  .. 09°8 0°023, trace 
40 Swedish bur iron .. .. .. .. B9°R 0°04 ‘O°14 
41° Mild rivet steel oo... 0. www. 992! 0°49 
ae re ce we ee we 995250 0°12 0°49 
43 Special cluss rivet iron... .. 0 6. 99°49) tree 0°10 
44 ” ” ss oe we «98D trace U'125 


wt 
So 
Ld 
Ss 


-02 0-08 ‘0-04 1 1. | | 
02 0-08 0-04 | okt, ce 
19 0-02 ‘0-2 |} foto 4. 
"196 trace 0-211. | 


é 


ms 
J 
@oqocooDdoococsoososo 





TasLE [V.—TesmpenatTvre Tests. 





























Size of Specimen. ' | : a | 5 
me ~~ ' Pe ee \ = 
: : SF, PF; ' & 
¥ i Permanent Set Maximum Strain ¢_ | Final Breaking = 3 
Material. ae | % a Square inch. a Square inch, ° = 5 apes on Original | a 
a) & 3: & . 76.8)" Ate a pquare er 
: cE E | Cc | no 
¥. + #« Ee < ! ee ae os 
; iu. in. : in, in. . Th tone, lb. | tona. per cent. NRG. fh etonia Joseaenes 
47 Bar iron , © 1} diameter +994 35,000 15°62 56,000 125-0 20°0:°51,500 23°0 27:0 
48 Steel - «60 2°66 375 11-0 36,500 16°29 62,000 27°67 19°0' 52,4500: 23°43 30-0 
44 oO ss 10 2°06 +485 | 1:0 34.500 15 4 59,500 26°56 16°5 50,500 22°54 27-0 
a0 | Lar iron o> 1 il 1°0 eaieusia 44,000 19°64 24°0 28,500. 12°72 34:0 
: ’ ; i \ 
Taste V.—Cremicar Composition oF Test Pieces or Tar.e IV. 
No. 4 ' | 7 ! 
of - Material. Fe. Cc. Mn. Si. Ss, P, 1 Cinder. 


Tent. : 





~ a nS bem ee 7 eee ee 





RS ETS ERA eR 6 inten: | oT 





48 | Subcarboniaed clasa of mild steel .. 99°38 | 0-170 ' 0-296 ° 0-042 0-009 O-lOE) 
49 » Martin-Siemens class of mild ateel 99-224 | 0°200 ' 0°500 | 0 009 °' 8035 0:°032 | 
50 | Special class barirm —.. «. | 99°8_ | 0°023 | Trace | 0-037 | 0-013 0-033 : 

| | ‘ 


Ho b | . ; 
47 - Best merchant iron .. 98°389 | 0068  0°204 0°206  0:018 0-334 , 0-S80 
| 








The ordinary merchant iron, No. 47, shows that it may be bent cold or may be bent red-hot 
without signe of breakage or much distress. Nos. 47, 48, and 49 endure this bending test when cold 
and when red-hot, but at auch a heat as can be induced by placing the metal into a bath of boiling 
tallow registering a temperature of about 610° Fabr., these metals break through by being bent, 
Jose most of their malleability, and snap off short under the action of the hammer. 

The same unfortunate element is exhibited by the mild class of Bessemer and Martin-Siemens 
steel, with this difference that they bond better cold, and more easily when hot, but both break up, 
by percussive action, at the medium temperature before named, the Martin-Siemens enduring some- 
what better than the Bessemer class under those tests. 

No. 48 ig a mild Bessomer metal, and 49 a mild Martin-Siemens metal; 50 represontsa very pure 
wrought iron. 2 aud 

All the mechanical properties of these metals and their chemical compositions are shown by 
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Tables IV. and V. It will be seen that the test No. 50, not only bent well cold and red-hot, but 
also at every intermediate heat at which the merchant iron and the mild steels failed. 

Adamson is of opinion that no metal, containing much above a trace of sulphur, can endure 
bending at this colour heat, while, at the same time, the phosphorus must be low; in fact, such 
endurance can only be obtained by a comparatively pure iron unalloyed by other ingredients, 

The mechanical power of No. 50 may aguin be referred to, that it only sup rted 11°83 tons to 
produce permancnt ect, carried the low maximum strain of 19-64 tons, but by this force it had 
elongated 24 per cent., yet ultimately stretched 84 per cent., and broke with 12°72 tons to the sec- 
tional inch of originul area, clearly establishing that with a comparatively pure iron to secure great 
ductility and mallcability we can only have a low carrying power. This is the same class of soft 
pure iron referred to when No. 39 was described. ; 

The results, Table VI., were obtained by testing by corrosion three pieces of iron, and one 
medium hard, and one soft stecl plate, in a water bath containing 1 per cent. of sulphurio acid, 
for a period of seventeen days. 


TasBLe VL—CnxremicaL Composrrion or Corrosive TEsts. 





No. ! 
of Material. 
Test. 


Ne 


Cu. 





P. 





4 
4 


Fe. | C; 





| 
n | Si. 
' 
' 








a rn ter een cn EE ee SES EASES RS 


53 : Common iron .. .. «2 oe ws 98-8 
54 ; Tudhoe crown iron ee hee) we: 98°90 





8. 
0:008 0°523] nil 
trace 


trace | trace | 0-177 | 
07217 | ni 


| 
truce | trace | 0°107 


{ | 
H 
55 | Tudhoe best best iron ..  .. .. ; 99-00 trare | 0°216 OrLlL | trace | 0°165 | nil 
56 . Medium hard steel we ee) | 98°40 | 07330 , 1°008 | 0° 065 0-022 | 0:075 | trace 
57 | Bessemer class of mild steel =... «99354, 0-115 | 0-508 | 0-055 | 0-028 | 0-037 | trace 
j - { e ° f ° ! iy t islig } - 
58 /Poreirom 4. ws os 99-900} il | il { ee i" 0-040 | nil 


f 


{ ‘ ; 





The specimens subjected to test were 2 in. square by 3 in. thick; the loss in weight by corrosion 
was recorded every tweuty four hours. 

The common iron, No. 53, in seventeen days lost 79 per cent. of its total weight. Tudhoe 
Crown iron, one of the brands of the Weardale Iron and Coal Co.'s boiler-plates, No. 54, had a 
Ings in the same time of 46°4 per cent. Tudhoe best beat |oiler-plate, No. 55, lost in seventeen 
days 34°7 per cent. The medium hard Bessemer No. 56 steel lost in seventeen days 13 per cenit., 
while the suft Bessemer metal, No. 57, only lost 4°8 per cent. Attention may be called to the fact 
that the metals, according to the impurities of their composition, lost most in the least time. 

On the second day the soft steel had lost considerably more weight than the hani steel, but at 
the end of the fcurth day the hard and the soft steel had lost about cqual degrees. From that 
period, however, on to the seventeenth day the soft stecl, No. 57, did not lose as much as the hard 
metal by 8-2 per ccnt., and 74°2 per cent. less than the commonest iron in the same time. 

In the diluted sulphuric acid bath the evidences are quite clear in favour of mild steel and the 
purest iron to resist corrosion, but befure as much can be said as to the inflnence of sea or sult water, 
& more extended and careful series of experiments are required. 

There can be no doubt that the medium hard class of stcela, possessing double the strength of 
the best wrought iron that can be made, ought, without exception, to be applied to the purpose of 
bridge building and a varicty of other similar structures. Up to this it has hardly found a place, 
and has had no consideration in proportion to its exccHency and intrinsic value. 

The strength of a wrought-iron plate is seriously reduced when pulled asunder across the fibre 
in proportion to the quantity of cinder it contains. This unfortunate principle does not so much 
apply to bar iron, as the mixed cinder is rolled into streaks or in parallel lines with the har, only 
slightly disturbing the tensile strength of the iron when it is subject to a strain in one direction, 
hence a combination of good pig irons may be used and manufactured into plate iron, but the good 
material be spoiled by having too much cinder alune left in the iron, always robbing it of its 
strenzth and endurance in one direction to resist a working load. 

Cinder as mechanically mixed with wrought iron can be well seen by planing and polishing 
the trod of a wrought-iron rail; the cinder is then shown to form disruptive lines in the direction 
of the length of the rail, and when put to work under a heavy roliing load, the iron breaks down 
laterally for want of cohesion, arising from an interposition of earthy matter, 

The purity and superiority of a stecl rail is made clear by subjecting it to the same treatment. 

The test of the pure iron, Tablea IV. and V.. clearly indicates a low currying power, but it is more 
than probable that such a metal, if worked down into thin plates, might be coal in a Jurge mecaauro 
as a substitute for copper plates in the fire-boxes of locomotives. 

Ordinary merchant or Staffordshire iron, or a Cleveland bar, although only easing a very 
small power to resist percussive force at a colour heat, yet is much better adapted for the purpose 
of a chain cable or a rod to suspend a steady load, and though comparatively impure as ‘iron, it 
en . much a vay xt Fah than the purest wrought iron found. ‘ 

The strong metals that will carry the highest tensile strain and posecas great resistin wer 
must be curcfully treated in the manufacture, or th a 
Ba er a y A e whole of its advantages may be turned to 

The colour heat tests ought to be impressed upon all workmen to prevent tl , 
metals when halt cold, or the heating of tia by red het iron for some ttl adinctmet cee 
hammering is required it would be a better and wiser policy to only heat the iron with bolling 
water, ur by applying steam against the surface a short time. 
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Finishing forgings or smith's work by hammering at a black heat at all times proves highly 
injurious, unless great care is afterwards used in annealing, and it is questionable then whether the 
full measure of strength of the metal in many cascs is ultimately restored. 

This dangerous temperature can also be produced by allowing engine fly-shafts, railway 
carriages, nxics, and such articles to become hot, and boil off the grcase or tallow, or for want of 
lubricants attain a temperature at which they are most liable to break down. In all such practical 
operations the work should be vl aa and the metal left to coul. 

In the case of stecl fly-shafts, the cooling of a hot neck by water has a tendency to split the shaft 
in the journal and produce transverse cracks, so that when afterwards put to work these cause 
it to break down disastrously. 

The strength of the purest iron, no douht, is seriously interfered with at about 600° of heat F., 
and especially its power to resist percussive force, but in what way the cohesion of the particles are 
disorganized at a temperature midway between a cold bar and a moderate working red heut, may 
not he caxy to describe. Such, however, being the fact, the grcatest care should be exercised in all 
such ordinary practical operations. 

In dealing with certain matters affecting the use of steel, E. Marché, of Paris, remarks in the 
Journnl] of the Iron and Steel Institute, 1878, that, with the exception of carbon, the other sub- 
stances, such as manganese, phosphorus, and silica, do not afford us, despite all the experiments made, 
any exact notivn as to their respective action on some of the properties of steel. Moreover, and 
with reference to the determination of the conditions under which the experiments should be con- 
ducted, there still prevails the greatest uncertainty, on account of the difficulty of establishing 
exactly the relation between the results of, for example, a traction experimcnt and the effects 
produced on the same metal by flexion, tension, or concussion. 

If, when grouping together the thousands of experiments made in various countries by different 
experimentalste, and on stecl produced in various works, it has been hitherto impossible to attain 
to any confirmation of the laws connecting the physical properties of steel, and admitted in the 
classification of the ostablishments or works producing that article, laws, however, which many 
consider as having been prematurely admitted, that impos-ibility may be chiefly attributed to the 
fact that those experiments do not allow of any direct comparison, and that, previous to an analysis 
of those results, it would be necessary to make some corrections, in order to eliminate the com- 
plicated causes which affect them, the cxperiments nut having been conducted under strictly 
analoguus couditions. 

The results of theSexperiments of natural philosophers, say in regard to density, are referred, 
by way of correction, to a like atmospheric pressure and to a like temperature ; but all those ex- 
periments should be referred to a similar form and size of sample, to a similar degree of elaboration 
of the metal, to a similar molecular condition, and the like. 

It must be admitted, however, that those corrections are very difficult to make, and that, in 
every point of view, it would be preferable to bring about a general understanding between the 
exp: rimentaliats, as to the conditions of conducting everywhere experiments capable of undergoing 
a direct compurison. 

The firat difficulty met with in endeavouring to compare the experiments made in different 
countries, is the varyiug systems of measurem: nt. 

When one has to proceed to the investigation of the physical properties of pieces or samples of 
steel handed to an experimentalist, it would be necessary for him to know, in the first instance, in 
order to determine the nature of the experiments to which those pieces or samples are to be sub- 
jected, whether the object in view is to study the nature and general qualities of the steel per se, or 
to ascertain how it would act under certain given applications. 

In the former case, it would be always necessary to test previously by traction the cylindrical 
or rectangular bars of the section and length to be determined on. 

In the latter case, the system of experiments would depend on the nature of the application 
itself, and, generally speaking, the flexion and the “shock ” (concussion) at the flexion will form 
the most useful tcsts. 

We shall commence by examining the conditions relative to the traction experiments. 

In subjecting to a tensile strain a steel bar of given section 771 and of length l, the facts to be 
observed and the quantities to be determined—if a complete experiment is to be made—should be 
the following :—Duriug the period of perfect elasticity, the observation of the momentary elonga- 
tions under given loads will allow us fo determine the co-efficient of the modulus of elasticity, E. 
When the elongations cease to be in proportion to the loads, then the limit of elasticity is attained, 
load per unity of section, beyond which permanent elongations are produced, L. The charge or 
load is increased until the rupture is produced, under a charge for each unit of section, R. The 
two portions of the broken red are brought together, and the totul length is then measured, 
deducting therefrom the original length; the final elongation at the rupture is then ascertained, 
and it is generally expressed with regard to the original length by per cent., 4. Then measure also 
the section taken by the rod at the point where the rupture has occurred. The difference between 
the ori 1 section aud the ruptured section is called by Kirkealdy the contraction, expressed in 
s0 much per cent. of the original section, but we prefer explaining this phenomenon of the coutrac- 
tion of the rupture section by the relation which the contracted section bears to the original section 
—that is striction, %. By dividing the total charge which produced the rppture, not by the primitive 
section, but by the contracted section, we have the resistance for each unit of section broken, F. 
If, in a great number of trials, we are content to determine the diverse quantities above mentioned, 
it is nevertheless necessary, in order to have an exact and complete knowledge of the nature of any 
ates!, to observe, in addition thereto, the permanent successive elongations made by the bar under 
trial, ander increasing charges, from the one corresponding to the limit of elasticity to the charge 

of rupture or breaking load. ; 

The manner in which these elongations vary, with the excess of charge on the limit of 
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elasticity, is ordinarily represented by the aid of a graphic diagram, which gives the curve of the 
elongations and allows of the measurement being made of the work of resistance to the rupture, of 
which we shall speak hereafter. Finally, it is useful, in order that the test may be complete, to 
describe the exact form which the bar presented after the rupture, so as to observe how the 
elongation was divided, and what is the exact position of the rupture section. 

Coefficient or Modulus of Elasticity, E.—The modulus of elasticity is the rolation of the charge to 
the elongations produced during the period of perfect elasticity. It is constant during that period. 
In France that relation is expressed in kilugrammes to the sectional square metre, and in England 
in pounds on the square inch. 

The investigation of this coefficient of elasticity for castings, iron and steel, has given rise to 
numerous experiments, and the figures which have been arrived at are so unlike that they cannot 
be brought together and compared, in order to ascertain whether, in tho special point of view 
which we are now taking up, namely, the properties of commercial] stee], we could account fur the 
influence of the composition and of the. purity of those steels by the manner in which they act 
during the period of perfect elasticity. 

The modulus of elasticity is generally admitted at— 


For castings eee eee ewe ee ee = .0,000,000,000 

yy FON gg wee eee nee ewe 20, 000,000,000 

»» steel... wk ce ce eee ee eve» 20,000, 000, 000 
According to Redtenbacher it varies— 

In iron from oe we we wee) 1 $,954,000,000 to 24,988,000,000 

» Steel ,, oe ee we wee) 20,020,000,000 ,, 23,975,000, 000 


According to Reuleaux— 


Iron in the form of bars or wires oe ee ee we-~=— 20,020,000, 000 
» imthin plates 6.00 6.00 2. ee ee ee we we |S 2,010,000, 000 
Cast iron... wk wk eee ee eee we) 8,005,000, 000 
Other kinds of steel we ae we ne we wee )~= 20,020,000, 000 
According to Kupffer— 

Flat iron, in the sense of rolling .. .. ..  .. .. 17,622,000,000 
ee in a transverse sense .. .. «ewe ee 9, 146,000,000 

- English rolled we ee eee wee 20,010,000,000 

ae » forged eee ene wee 20,232,000.000 

os Swedish .. .. a ae a ee es .- 21,541,000. 090 
Soft east steel 2.006. wk eee ee we ee 2830,000,000 
Reimscheid steel ee we we ete ewe ee) 27,104, 000,000 


Rosset resumes, as follows, the numerous experiments made by him on the materials used in the 
manufacture of cannon— 


Castings, cannon es oe we wees 3H 4,000,000 


Iron hoop, grained, Peter Gaudet... ..  .. «2 «.. 20,000,000,000 
7 steeled 6. wk wee te ewe we 20,934,000. 000 
Krupp steel, natural state... ww we eee we 9, 7000,000,000 
ss »  temperedinoil.. .. .. «2... «. 20.714,000,000 

Ss cannon steel ..) «wwe eee eee 20, 969, 000, 000 


We now give the value of the modulus of clasticity resulting from the traction triale made by 
Knut Styffe— 





*20 .. 20,791,.000,000) 
“14 -. 21,853,000,000)35 
(0°20 + 21,418,000, 000) FE 
"OS »» — 18.813,.000, 000] 2. 


0 
i . “2 ws 0-08 .. 19,537,000,000, 
Holistahammer rolled iron .. .. ... 0°07 a yee 


bb ee ee ese ee 


be 
Surahammar _e,, beet Sas 


Tenour of 
Carbon. 
Per Cant 
Bessemer forge. steel of Hogbo ..  .. 1°26 -» 21,177,000,000 S 
5 - oo we 2°03 ee §«=6. 21,515,000, 000 > 
es a. - 0-1 »» 22,721,000.000 es 
- ee se we) «695 .. 24,072,000,000,:5 2 
Wikmanshytten —,, . 1:22 4. 21,949,000, 000f 2 2 
Krupp on és . O61 -- 22,046, 000,000, or 
Puddled rolled steel of Suraliammar .. 0°56 i 21.033, 000,000! Ms 
Lowmoor puddied iron .. .. ..  .. 0°20 -- 22,480,000, 001 
Dudley oe oe ae wee |S 009 -- = 19,972,000,000 
a se we we we 009 .. 19,296,000,000 
Motala ‘3 3 i “a 05 e« = -21,274.000,000 
0 


Aryd rolled irom. wwe ee 
0 


9? ” oe oe oe 0:07 oe 21,660,000,000 


These trials already show us that the influence of the quantity of carbon ia nil in the clastic 
pones oun locus by. the — ehanges or loads: oe coeficicnt of elasticity of steels containin g 
more than 1 per cent. of carbon is not superior to that of the irons of Motula, Surul 
others, which only contain 0°07 to 0°2. ei cteat Basa 


When it is proved, on the other hand, that the least variations of the quantity of carbon 
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completely modify the data of the permanent deformation, one cannot but be struck with the fact 
that during the period of perfect elasticity, tlhe momentary elongations are independent of the nature 
of the metal. They appear to be modified only by the purity of the metal, and by the degree of 
work to which it has been subjected. 

The trials or tests of Bauschinger on a series of Ternitz stecls are more conclusive in that 
respect, because they have been made on products of the same origin, only differing with regard to 
the Ae of carbon, and tested under the same form. 

n the teusile test, Table VIL, those steels, of which the quantity of carbon varied from 0°14 
to 0°96, gave ;— 
Taste VIL.—Tensite Tests or STExE.. 





, 





ESSERE nk AR SR DRT Dh OPE PS bt el gy a ES et ee EP AA A LA A TE 


K. | | 

0-14 29-50 22,550,000,000 

| 0°19 83-10 21,700,000,000 
0:46 34°50 22,550, 000,000 | 

| 0°51 34°05 22,100,000,000 

0:54 34°90 21 550,000,000 | 

0°55 83-00 22 200,000,000 

| 0:57 33°10 21,600, 000,000 

| 0°66 37°45 | 22° 450,000,000 

0:7 37°50 | 24,700,000, 000 

| 0:80 40°05 21,500,000,000 

0°87 42°90 21,850,000,000 

0°96 48°70 21,750,000,000 


General average .. .. 22,200,000,000 


t 
t 





The experimenta made at Woolwich in 1870, by a committee of civil engineers, resulted, for 
steels of various works, in the linut of elasticity varying from 26 to 42 kilos. and the quautity of 
carbon of 0°30 ty 0°90 per cent.. an average cocfificient of 20,627,000,000, the minimum being 
20,160 and the maximum 21,060,000,000. Some irons tried under the same conditions gave 
20,012,000, 000. 

From all those results, one may conclude that the coefficient of elasticity of steel, whatever 
may be its hardness, varics only frum 20 to 22,000,000,000. 

Looking at these tests in a practical point of view, we may come to the conclusion in regard to 
the resulta, that although in some particular cases, for example, in investizating the action of 
mangunese and phosphorus, it would not be unimportant to deduce some facts relative to the 
modulus of elasticity ; nevertheless that part of the tension tests may be in general dispensed with, 
as being the most delicate, the longest in duration, and, on account of the great lengths of rod or 
bar required, the most expensive. Consequently, the experiments may be made on short lengths, 
and a larger number of tests obtained, with the rame quantity of steel, within the like given time 
and at the like expense. 

The experiments made by Bauschinger on the steels of the Reschitza Works, Hungary, 
demonstrate how- much attention and time would have to be devoted for determining certain points, 
which after all throw no fresh light on the properties of the stecl subjected to the experiments in 

uestion, inasmuch as with respect to all those steels, differing considerably as they do in regard to 
the quantity of carbon, the modulus of elasticity is comprised between 22,100,000,000 and 
23,000,000,000, 

We may at once state that Bauschinger’s experiments on the Ternitz, as well as on the 
Reschitza atecla, demonstrate likewise that the modulus of elasticity is the samc, whatever may be 
the hardness of the stcel, at compression and flexion, and that it is represented by the same figure 
as the coefficient of elasticity at the tension test. 

Limit of Elasticity of Steel.—If, during the period of perfect elisticity. the elongations are in 
proportion to the loads or charges, and disappear with the action of those loads, the limit of 
elasticity is the equivalent of the last charge producing that cffect; and under a heavier load than 
that limit of elasticity there is a permanent elongation. 

But if there be a concordance of opinion with respect to the existence and definition of that 
limit of clasticity, it is otherwise with regard to the fixing of its value, for, however exact and 
correct the instruments employed, it is difficult to determine the precise moment at which the state 
of perfect elasticity passes to that of permanent deformation. More correctly speaking, the precise 
moment in question does not exist with reference to experiments on steel rods, because, in point 
of fact, there ia a period of break of elasticity, during which certain portions of the rod or bar 
undergo permanent elongationa, whilst other portions resume their original Jength. 

On account of the uncertainty attending the phenomenon, it is necessary to establish con- 
ventional rules for determining the limit of elasticity, and as those vary which are adopted by the 
various experimentalista, it results that the limit of elasticity observed in respect of the same kind 
of bar of the eame length, say in England and in Sweden, will not be the same. 

It is true that Wertheim aud other experimenters agree in considering, as the limit of 
elasticity, the load or charge that produces pil ickaaeaairis elongation, equal to the 0-°00005 of the 
original length, in other words, and with reference to a bar or rod of 1 metre, a permanent 
elongation of five hundredths of a millimetre; buat, on the other hand, so feeble an clongation is 
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considered, by many experimenters, as the possible effect of accessory causes, and they are of opinion 
that we cannot admit that the limit of elasticity is exceeded until such time as a more clearly 
defined permanent deformation is observable, and the extension under heavier loads testifies to the 
reality of the phenomenon. 

These considerations have led to the following special definition by Sty ffe ;— 

“Tf an iron or steel bar be gradually extended by successive loads, which at first are so small 
that they occasion no permanent elongation, but are gradually increased, and are always allowed 
to operate for as many minutes as each additional weight is per cent. of the entire load, then the 
author regards as the limit of elasticity that load by which, when it has been operating by successive 
small iucrements as above described, there is produced an increase in the permanent elongation 
which beurs a ratio to the length of the bar equal to 0:01, or approximates most nearly tu 0°01, of 
the ratio which the increment of weight bears to the total load.’ ; : 

Styffe adheres to the opinion that the limit of elasticity cannot be considered to be attained until 
we can ascertain exactly and measure the determined increments of the permanent elongation ; 
he furnishes some estimates of the limits of elasticity considerably higher than those given in 
Wertheim’s definition. 

The following are a few examples, Table VIII , taken from the tabular data of Styffe ;— 


Tasie VIIL.— Linnt or Evasticrry. 
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The difference is from 3 to 4 kilos. in irons, and amounts to 22 kilos. in the very hard steel of 
Wikmanshyttan. 

These figures show the necessity which exists of arriving at a mutual avzreement as to the 
fixation of the limit of elasticity, and how imperative it is, in all cusea, that, in the publication of 
the series of triais, the method of estimating that useful value should be pointed out. 

The value of the limit of elasticity is, in point of tact, the primary manifestation of the degree 
of hardness or of malleability of a stec}, and in many cases the basis uf calculation of the dimensious 
of the pirces. 

As, moreover, we have seen that tests on short bars are to be preferred, and that on short bara 
the definition of Wertheim cannot be applied, whilst, on the other hand, the definition of Styffe 
appears to give too high a quotation of figures, one can see what interest would be attached toa 
plain agreement on the subject, easily formed and adapted to the tests of short burs. If all the 
teats were mae on bars of the «ame section and of the same length, 0°15 or 0°20, for example, they 
could be proceeded with as follows ;—Incrcase the charges until a permanent measurable elongation 
is produced, one-tenth of a millimetre at Icast, then increase the loud by a fixed quantity repreacnt- 
ing 1 or 2 kilos. per square millimetre ; observe a second permanent elongation, and infer therefr.m 
the value of the limit of elasticity by admitting that the two clongations are in proportion to the 
excess of the charges or loads on that limit of elasticity. If P is the charge whieh: produces the 
first clongation i, and «’ is the secon! elongution produced by the charge P’, we have 





7; P-L Pi — P'i 


Resistance and Elongation.—These two qualities are determined in all the experiments; they 
serve as a basis for the classification of the works; and it is generally admitted that a steel is 
dvfined by the two values, R and A, of the resiatance to fracture a square millimetre of the 
sectional area, and of permanent elongation on fracture expressed in hundredths of the original 
length of the broken rod. 

But, in order that this definition may be absolutely correct, so that one can find, in the ratio of 
the two characteristic values, resistance and clongation, tho elements of a rational appreciation of 
the nature and quality of a steel, it is indispensable that the value of A result from the testing of 
bars identically alike as regurds section, form, and length. 

It is found in every series of experiments made upon steels of variable hardness that the two 
values of Rand 4 vary inversely, the elongation diminishing as the resistance increases and that 
it is possible, in presence of testa carricd out on steels of the same origiu, to find a simple and 
sufficiently approximate relation between these two qualities. 

When it is desired to represent thie relation with the aid of a curve, taking the resiatanoes ag 
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abscissa and the values of A ag ordinates, lines are obtained which differ but slightly from straight 
lines, inclined to the axis of 2’s in the ratio of 1 to 2, so as to afford the general relation. 


R+2A = a constant a. 


But it is easy to prove that for the same steels the value a of the sum R + 24 will not be the 
same if the tests be carricd out upon samples of different form and length. 

It is well known that the elongation on fracture 4, which is the ratio of the elongation 

roduced to the original length, is so much greater as the rod is shorter, on account of this well- 
GAcwh fact, that the different parts of a rod are not elongated equally when permanent deformation 
takes place; that the portions near the points of attachment become Icss elungated, and that the 
region in which fracture takes place, accompanied by a reduction, more or less appreciable, of 
are cross-section, is subject, on the contrury, to an elongation much greater than the mean 
elongation. : 

But if the necessity of adopting one and the same length for the test bars is acknowledged by 
all experimenters, no uniform opinion has hitherto prevuiled as to the choice of this length, each 
one proposing the adoption of the type which he has hitherto employed. 

dn the other hand, we think that the importance has not been sufficiently insisted upon, not 
only of measuring the elongation of rods of the same length, but also on bars of the same form and 
section. Ina word, the tests must be carried out, if not on pieces identically alike, at any rute on 
such as are similar in the mathematical sense of this word. 

If this condition had been fulfilled in the numerous experiments published, we should certainly 
be iu a position, on analyzing the variations of the value R + 2 A, to form an exact appreciation of 
the effects certainly produced on the relations between the resistance and the elongation, by the 
mechanical strain undergone by the metal during manufacture, and the presence in the steel of 
other elements than carbon. 

The carbon increases the resistance and diminishes the elongation; this is a proved and 
uncontested fact ; but it is questionable if the other elements, as manganese, phosphorus, chrome, 
do not act in a similar manner. The manganese increases the resistance and diminishes the 
elongation, just in the same way as the carbon, but in quite a different measure. The chrome 
increases the resistance, but without reducing the elongation. Forging, rolling, annealing also 
exercise a different action, and are to be determined. 

But it is necessary that all the tests be carried out on bars of the same section and the same 
length in order that the elongations have the same comparative character as the resistances, and 
that the value of the sum R + 2A, be the representation in figures of the effects of the working and 
of the chemical composition of the steels. 

Thus, the values shown in the classification of Creusdt for the resistance of the elongation on 
fracture, gives the relations ;— 

For the ordinary quality, R + 2A = 104 (1) 
For the superior quality, B + 2A = 107. 

The tests being applied to two bara of 16 mm. diameter and 0 m. 109 long. RB being expressed 
in kilos. a squares nim. of section, and A in a percentage of the original Jength. 

One would conclude from these two relations that the sum R + 24 was so much higher as the 
purity of the metal was grenter, so that if two steels, tested under the same conditions of dimension 
of bar, gave a relation R + 2A << 104, it would be admitted that they belong to a series of stcels 
Jeas pure than those of the ordinary quality of the Creus6t classification. 

The classification of the Societé John Cockerill, at Seraing, furnishes for tests on rods 0 m. 100 
long and 15 mm. diameter the relations R + 24 = 100. 

Thut of the Terre-Noire Works Company gives ;— 


R + 2A = 92; 
but the tests are made on rods of 20 mm. diameter and 0 m. 200 long. 
‘The experiments of Bauschinger on the Ternitz stecls zive the average relation — 
R+2A = 89. 
This corresponds to the result obtained on bars of rectangular section, 70 by 12 mm., with a 


length of 0 m. 400. 
The table of teats by traction on steels with a variable quantity of carbon mude at the Terre- 


Noire Works gives— 
When the tests are applicd to small bars of 14 mm. diameter and 0 m. 100 long — 


R +2A = 97°5. 
When they are applied to bara of 20 mm. diameter and 0 m. 200 long— 


R+ 2A = 94:5; (2) 
and when applied to bars similar, but the elongation being measured on 0 m. 100 only 
R+2A = 101. (3) 


These three relations show well the effects of a difference of form and dimension of the test bars. 
The lst and the 3rd relations give the measure of the influence of the points of attachment of the 
rods which reduces the elongation. 

The test carried out on the steels with variable quantity of manganese give respectively, under 
the same conditions of diamoter and length of the bars, the three relations— 


R+2A = 106 (2) 
R+2A = He. : (3) 
aL 
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Lastly, those on the steela having a variable quantity of phosphorus give respectively — 


R+ 2A = 106 (1) 
R+2A = 105 (2) 
R+ 2A = 118. (38) 


On comparing the tests of those relations which correspond to the same dimensions of bar, it will 
be seen that the presence of other substances than the carbon, show themselves by an important 
modification of the ratio of the load to the elongation. 

The dimensions which appear to be the best for tension tests, from all points of view, for rods of 
circular section, are a diameter of 20 mm. and a length of 0 m. 200. 

The adoption of this type would not exclude the use of rods of different lengths, on tho express 
condition that the diameter should be always equal, as in the type, to the tenth part of the lougth. 
That is to say, that the value of A should be the same with rods of 

15 mm. diameter and 0 m. 150 long. 


18 = ‘ 0 m. 180 _ 7, 
20 es < 0m. 200 _ ,, 
25 ‘ - Om. 250 7, 


With regard to the testing of plates, which possesses great interest at the present time, a 
typical length of 0 m. 200 should be adopted, but there is reason to undertake a special 
resenrch for fixing the width of the bars in relation to their thickness, so that the clongations pro- 
duced be always the same as those produced by round rods of 20 mm. diameter. A series of special 
tests undertaken with this object, would readily give the elements of understanding to be arrived at 
on this poiut. 

Stricfien and Resistance to eich Unit of Sectional Aree Fractured.—The permanent elongation of 
the bars brings about a reduction of the sectional area, and the rod no longer preserves the cylindrical 
form, a drawing down takes place in the portion fractured ot a point where the sectional aren 
becomes only a fraction of the original sectional arca; this section of fracture is so much the less as 
the rod is more elongated, drawn out, and in proportion to the softness of the steel. 

D. Kirkaldy was the first to insist on the fact of the contraction of the sectional area at the 
point of fracture, and he has regarded its amount as an excellent measure of the hardness of stcel. 

It is, in fact, an element less dependent on the length of the rod than the final elongation. 

But it is advisable to note that the values determined practically are often of a very irregular 
character, resulting from the fact that the special circumstances of the experiment, the presence of 
local defects, for instance, exert a considerable influence over the place cccupied by the section of 
fracture on the length of the rod. 

Theoretically, in fact. and in the case of absolute homogeneity in a metal, fracture should take 
place in the middle of a rod. If the fracture takes place at another point, or especially at a point 
near the attachments, the final elongation, the drawing out of the region of fracture, does not take 
pluce under normal conditions, and the stri-tion bas a higher value. 

In order to obviate this difficulty, and to ensure, by the exact estimation of the atriction, a useful 
element of the hardness of the steel, it will be well to set aside all those tests in which fracture takes 
place near the points of attachment, and it would be useful in the publication of series of tests to 
always indicate the exact position of the section of fracture with reference to the middle of the rod. 

As to the final resistance to fracture, F, this value is subject to the sume oncertainty as those of 
the striction from which it is obtained ; it can, therefure, only give rise to useful comparisons ander 
the same reserves. 

This value, in all cases, would appear to decrease in inverse proportion to the hardness of the 
steel, its percentage of carbon, and its strength a unit of original sectional area. 

Under the action of the intermediate loads to which wa rod is submitted, from that which corre- 
sponds to the limit of clasticity to that of fracture, a series of permanent clongations tukes place 
increasing fron: O to A, according to a law the observation of which, often neglected in tests Appears 
to be nevertheless of capital interest in a study of the properties of stecl, and especially of poft nteuls 

The register of successive elonyations, and the diagrain which represents the law of their inercase 
with reference to the loads, is then an indispensable complement to every traction test. 

Many cxperimenters take care to represent by compurative figures the faculty of elongation of 
the steel during the period of permanent deformation. 

it is the most usual practice to give the value of clongation corresponding to the same load 
superior to the limit of elasticity. 

It is thus that, in the table of tests on phosphorus steels, compiled by Thurston and communi- 
cated in the paper of Holley, read at the Inst. of C. E. in 1878, appears the elongution produced b 
a constant strain of 42 kilo. a sq. mm. y 

The inconvenience of this method is, that it cannot be applied to an extended series of atecls 
comprising very soft and very hard varictics, for the load to be considercl should be at the same 
time superior to the limit of the elasticity of the hardest stecl, aud inferior to the resistance of the 
softest, which it is of eee to realize. 

Moreover, it is well known that during a tolerably long range, from the load ’ 
the limit of elasticity to a load equal to about three- artba of the breaking giraini he cleniitne 
produced increase with tolerable regularity, and proportionately, not to the loads, but to the ex ; 
of the loads over the limit of elasticity. en 

Comparative results would then be obtained, on measuring the elo i 
always exceeding the limit of elasticity of the ae quativg,” pgation produced under a loud 

If 1. be the limit of elasticity, and if observations be made, for a whole serics of steels, of t} 
elongations, 1, c rresponding to a load L + pp, being a constant quantity, the difforent vuluce te 
Aa re eile the faculty of permanent elongation of the steels considered during the period 

yular deformation, 
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If, besides, one calculates the ratio e of the excess of the load over the limit of elasticity at the 


corresponding permanent clongation, at say 4 = D, this quantity will represent what may be called 


the modulus of permanent deformation, which permits of estimating the elongation produced under 
any given Jond, inferior, however, to that under which the accelerated deformation commences, 
which is manifested by the special attenuution of the portion of the rod where the fracture is about 
to take place. 

The value of this coefficient D, characterizes very clearly the nature and the degree of hardness 
of a steel, and permits of combining the effects of deflection with those of tension. 

The value of 1), expressed in kilos. a square metre as the modulus of elasticity FE, increases with 
the hardness of the steels; it is about 250,000,000 for extra soft steels, with a tenour of carbon from 
0-1 to 0°15 per cent., or for very pure Swedish irons, 1,500,000,000 for very hard steels at 1 per 
cent. of curbon. 

There remains to notice the resistance of stecls to tensile strain, represented by the clastic effort 
by the half product of the load corresponding to the limit of elasticity and of the corresponding 
elastic clongation aud the effort of fracture by the area of the diagrum obtained by registering the 
succcasive permiunent clongations. 

But this estimation docs not supply a comparative value of steels as regards resistance to impact, 
tests with a falling weight having always beev applied to bending, and the impact producing in 
this cuse has a considerable effect out of proportion to those with a tensile strain. 

It may be stated here, that the stcels containing a certuin quantity of phosphorus show, on 
tensile tests being applied, resistance and clongation but little differing trom those of stcels without 
phosphorus, but with the sume quantity of carbon or manganese, in order that the quantity repre- 
senting the resistance to tensile strains be appreciably the same in the two cases, aad yet on 
procecding with impact tests by deflexion, these differences are found considerable. 

When it is required to examine and receive some picces of stcel, it is on these pieces themselves 
that the tests are carried out, with the intention of a-certaining how they behuve under the action 
of the strains to which they will be subjected in practice, and in this case it is generally to tests 
of deflexion, and capecially to deflexion by impact, that they are subjected. 

We now pussess, thanks to the numerous researches referred to, many of the clements 
enabling us to deal with the theory of permanent dcflexion and of impact tests, but this theory can 
only be established with complete exuctitude by new tensile tests, more methodical and absolutely 
uniform in character, to confirm and complete the data hitherto furnished. 

The same may be said of the classitication of the products, 50 various and so numerous, denig- 
nated by the name of manganear, pcre chrome, silicium, and tungsten stecla, which would 
only be possible when we have the know ledge of all the physical propertics which show themselves 
in the tensile test, assiguing to cach one of these products its exact place in the general scale of 
steels. 

Strength and Resistance of Mute: tals —The theory of the strength and resistance of materials is 
closely connected with that of molecular mechanics. The latter science, however, is much more 
extensive, and affects many other problems than those of the practical cngineer; it has beeu the 
subject of learned researches, often difficult to understand, and still more to analyze or criticize in 
a memoir of limited extent. Moreover, the strength of materials being a branch altogether of 
Baebes application, requires only to borrow from scientific theories the principles on which to 

mse rules of construction, simple cnough te be of general application, and yet sutticiently exact to 
be used with contidence. The suceceding view of our present state of Knowledge of this subject is 
duc to Jules Gaudard, and was first presented to the Inst. of C. E. in 1Ls6a by W. Pole. 

The formula of strength bring into view, ou the one hand, the destructive action of external 
forces, and, on the other hand, the resisting molecular actions of the material. 

External forces are of two kinds; one kind comprises elements directly given, such, for example, 
as Weights; the other kind consists of reactions, functions of given forecs. In certain ecasus these 
reactions may casily be found by the science of statics alone, as. for example, in the case of a beam 
placed on two supports. In other cases they will depend on the changes of form of the solid; it is 
this, for example, which causes the difticulty of calculation in arches and in continuous beams of 
several spans. Or, lastly, it may happen that the body in question may net be iu a state of 
equilibrium, but that its particles may oscillate under variable dynamic lntlucnees or forces of 
inertin; this is the case of concussions, vibrations, and the like. 

These various external forces being determined, it will easily be seen whether they tend to cause 
certain parts of the solid te clongate, or to shorten, or to shear, or to turn round ccrtain axes, 
These various effects, extension, compression, sliding, torsion, flexure, may further manifest them- 
sclves separately or may combine with each other. 

Under the action of these forevs, the body will necessarily be changed in form; for solids 
perfectly rigid are only pure abstractions, The study of theae changes of form constitutes the 
object of tho theory of elasticity. The study of strength or resistance has to do with the power 
which the solid, according to its physical constitution, posscases to maintain, if not its form, at least 
the cohcsion of its parts. 

For the constructive engineer the queation of resistance to rupture is of capital importance. Tho 
clastic change of form interests him less directly, because he knows beforehand that this change is 
generally very small, and presents no great incunvenience. . It often happena, however, that the 
two questions are connected together; for example, in the ease already cited, where the change of 
form of the body influences the reaction which it receives from its external supporta. It may 
happen, also, that a change of form may present in itself a direct practical intere St ; thus in the 
testing of a bridge, if the observed deflection agrees with that predicted by the a a of the 

3OL 
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elasticity, it will be inferred that the beams do not possess any hidden defect capable of producing 
an abnormal deflection. The changes of form may also exert a notable influenco on the strength of 
constructions where different materinis are combined together. 

Extension.—Moleoular action is a force internal, or reciprocal, which opposes indefinitely the 
approximation of two particles, but only opposes their separation up to a certain limit. This limit 
being attained, the two particles find themselves suddenly withdrawn from their sphere of mutual 
action, and rupture tukes place. 

According to this idea, a fibre or thread of particles being subjected to tension, the force produc- 
ing rupture may be measured, and this force will vary with the substance. In this elementary 
cage, 80 simple in appearance, the question arises, whether a particle extends its attractive action 
beyond the particle immediately adjoining it on either side? If this were so there would bo 
differences of condition between the ends and the middle of the fibre, and we ought to be able to 
designate beforehand the points of rupture. But we do not know that these points are determined 
by any other laws than the mere caprice of the specimen, and we assume that, for a thread of an 
absolutely theoretical regularity, the rupture may take placo at every point at the samo instant. 

If we take a material rod of finite thickness, the phenomenon becomes more complicated ; for 
the particles now undergo displacements, not only longitudinally but also transversely. ‘This is 
very obvious with a viscous matter, which diminishes in thickness as it is increased in length ; but 
as everything is continuous in nature, viscous ur pasty matters of all degrees mark the transition 
from liquids te solids, and these latter ouglit to preserve in a faint degree the same physical 
el aga This is, moreover, a fact which the cxperiments of Tresca, upon the flow of solids, 

ave shown in a striking manner. 

Here we already find ourselves in the presence of an obscure phenomenon of molecular mechanics. 
In considering, however, the strength of materials, we evade the difficulty, as we are content to 
assimilate the compact rod to the assemblage of ita elementary fibres, close but unconnected, and 
thus exercising no mutual lateral actions. This voluntary error is excused, not only for the sake of 
simplification, but also because it appears to be of a kind which may bo neglected in the presence of 
certain accidental irregularities which we provide for, as best we can, by modifying in the particular 
case the value of the coefficients. Thus. for example, iron wire, owing to its peculiar mode of 
manufacture by drawing, is relatively stronger than iron in thick bars. 

It is admitted, then, that the tensile stress N which a rod can sustain is proportional to ita section 
w, that is, N = R w, where R desicnates the resistance to rupture per superficial unit of the seetion. 

The phenomenon of change of form is successive and continuous, which distinguishes it from 
the instantaneous phenomenon enlled rupture. It may be followed by the eye, by observing the 
elongations 8 of a unit of length of the rod under increasing loads N. The curve of which 8 is 


s N LJ e ° ° e ® hd ® 
the ordinate, and N (or =) the abscissa, is not a straizht line; its differential cocflicient increases 
@ 


at first very slowly, and then more rapidly as it approaches rupture. Under moderate loads, how- 
evcr, we admit the proportionality of 3 to N, and we always assimilate the rod whose section is w to 
a bundle of independent fibrea placed in juxtaposition. Henee the formula N = E o 8, where E is 
the modulus of elasticity. If E varies in the section, we write N= 8f/Ed@. The factor [E38 w 
is called the longitudinal spring. The resultant N of the tensions is underateod to pass through 
the centre of clasticity. 

Great importance has been attached, as a matter of principle, to the vague idea of the limit of 
éla-ticity. Below this limit the elongation 3 would be proportional to the foree N, according to the 
preceeding formula, and it would vanish by the removal of the force, the rod then resuminy its 
primitive length. It appears to be shown that it is necessary to distingcuish two kinds of elongn- 
tien, one permanent, a kind of wire-drawing, very inconsiderable at the commencement, but 
inereasing rapidly and degenerating into encrvation under cousiderable loadsa; the other clastic, 
that is, obeying the law of proportionality to the foree and vanishing therewith, The permanent 
elongation would seem to present the character of not being renewed by the return of the same 
foree or of smaller forces, in which case the law of clastic pulsation obtains freely. The limit of 
ela-ticity would be practically the point below whieh the permanent elongation ia not appreciable. 

These hypotheres, however, are open to doubt. Certain frets seria to establish that time inter- 
venes us an chervating causc, by giving permanence to clongations which are at first clastic, and by 
consequently diminishing the vigour of the material to reaet ageiust derangements. It has been 
remarked, that fibrous iron tends to acquire a granulated or crystalline texture by long-continucd 
eoncudsions. Lt might thus be apprehended that an iron beam which now is amply strong, tight, 
even though protected from all oxidation, break fatally sume day hy the sole effect of the repented 
action or long continuance of the lowl If this ia eo, the theory of resistance ought, perhaps, to be 
changed in character; instead of saying vaguely that a certain material, subjected to certain work, 
presents guaranters of safety, it ought to announce for how long a period, or how many times, it 
will support the test with impunity. This doctrine of instabjlity appears but too well supported 
by anal gy ; everything is stamped with the seal of destruction. 

For the case of greut stresses passing beyond the conventional limit of elasticity, Barré de St. 


Venant has proposed to substitute for the law 2 = E38, the expression ~ = FE (1-—(1 — 8)) 
© r* : 


m being a number > 1. 
_ Comp: ession—The resistance offered by two particles when caused to approach each other is 
indefinite, and a solid or even a liquid may support any pressure, distribut d uniformly over ita 
circumference in such manner that no particle can escape by sliding away. For example, it would 
he impossible to succeed in crashing the water contained in a hydraulic press, ’ 

What then is crushing? Thia word is applied to solids pressed irregularly upon different facen 
or portions of their external contour. The form ordinarily presented is that of prisms preased only 
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on their bases, Such a solid shortens, but its density does not augment in an equal proportion, 
because certain particles near the lateral contour flow to the exterior. The body swells, principally 
in the middle of its length ; sumetimes it exfoliates in filaments which detach themselves and fall 
away on various sides. ‘These effects constitute crushing. They are due tu internal sliding actions, 
calling into play the resistance of certain particles to lateral disjunction. 

In prisms of very clongated form, the phenomenon is modified by the tendency of the middle of 
the rod to deviate altogether, from its original straight form, under the most imperceptible cause ; 
thus flexure arises, and the moment of resistance of the rud becomes of more importance than the 
aren of its section. Thus the case of a pillar pressed upon its bases is very impertectly understood. 
We are almost reduced to the application of formule purely empirical, which aim rather at con- 
forming to observed facts than at explaining them. They ure valuable as expressing the results of 
numerous observations, as guides for ordinary practice, and as steps towards the discovery of laws. 
But the ideas latent in them are often masked by the divergent circumatances of the experiments, 
and the functions assume different forms under the hands of different observers. Geuerally, in 
practical construction, we apply to compressed prisms the same formule, N = R’o = Ew, as for 
rods in tension, when the length does uot exceed, for example, ten times the thickness. For longer 
lengths recourse is had to experimental formuls, or to the reduction, more or less arbitrarily, of the 
cocflicient R’ of the pressure admissible per unit of surface. Love haa reduced into formule the 
experiments of Hodgkinson on long columns. 

Researches have been made on the lateral bulging out of a compressed prism, or the analogous 
contraction of a stretched red. For an isotropic body, that is, one which has a similar texture in 


a . 8 ; : ‘ 
every direction, St. Venaut shows that a bulzing 1 of the transverse lineal dimensions corresponds 


to a proportional shortening 3 = - of the length of the prism. In this way the unit of primitive 


a? 
| 


volume will have become = (1 — 8) (1 + ;)’ = sensibly 1 — . 


; ’ } 
Wertheim arrived at 5 for the contraction of the volume instead of 2” It must, however, be 


stated that the isotropic condition is merely a theoretical abstraction. 

If it is true that compression is ouly dangerous on account of the lateral bulging which it 
causes, we may conclude from what preeedes, that a prism may carry four times more by com- 
pression than by extension, provided that. by its short length or otherwise, it be preserved from all 
lateral bending. This conclude: however, requires considerable moditication in practice. 

Sliding.— Two portions of a solid contiguous to a common scetion, tend to slide one upen another, 
when they are acted upon by a relative shearing force parallel to the section. The corresponding 
change of form is no longer a simple translation, but is an angular deformation. Having given a 
sinall parallelopiped, of which the base, at first rectangular, is deformed into 
an oblique parallelogram A BDC, Fig. 1740; then letting fall BE perpen- 1740. 
dicular to AC, we may say that the face projected on BD has moved before £ 
AC by the relative quantity ch 
of CD before AB. In other words, the sliding between two parallel and 
neighbouring faces inclines their primitive conunon normal, and is measured 
by the projection on one of them, of the unit of length applied on the bormal 
which has deviated. It is the small cosine acquired by tho defurmed angle 
which was originally a right angle. 

This principal sliding g is in the same direction as the projection of the © 
deviated normal. We may estimate first the component slidings q! and gy” 
parallel to the directions of two rectangular axes traced beforehand on the D 
section; then the principal sliding will be g = /u? + 9. ; 

The sliding action causes stretching of the fibres, fur in every rectangle transformed into an 
oblique parallelogram one diagonal will be lengthened, the other diagonal will be contracted, The 
greatest stretching, and also the greatest contraction. per unit of length, will have the value of the 


a 


AF 
, and this motion is the same as that AG E 





hulf sliding a and will be manifested in directions drawn at 45° to the face in question. 


Up to a cortain limit the sliding g 1s proportional to the shearing force F applied to the face 
whose area is w. The change of form is thus defiaed by the formula F = Gq, the coefficient G 
boars the name of the modulus of transverse elasticity ; it will be constant like E within the limit 
of vlasticity. If this modulus varies in different parts of the area , we write F = g/Gdw; and 
JG dw is what is called the transverse spring. If 'T' representa the tangential resistance to sliding 
a unit of surfuce, we have F = T'w. These formule only apply to a section of finite area o, while 
this section is compelled to continue plane ; for in the case where it is free to bend, there will arise 
an uncqual distribution of the sliding in the various parts. ; 

An isotropic subatance, capuble of supporting a longitudinal tension R per unit of surface, 


which extends it a quantity ; » may resist a sliding of double this extent = 2 EB ore tangential 


stress T = aoe. , St. Venant having been led to the ratio . = . between the moduli of trans- 
verse and longitudinal elasticity, wo have ee for the ratio of the tangential and longitudinal 


R=5 
stresses producing equal fatigue. 


886 MATERIALS OF CONSTRUCTION, STRENGTH OF. 


Texture of Bodies——In the absence of knowledge as to the irregularities which may exist in 
various parts of the same body, it is customary to consider the materials employed in construction 
as homogeneous. In some cases, however, we are aware of the irregularity; for example, we 
know thnt in cast iron. the external skin is of a closer texture than the internal masa, and we may 
take account of this by causing the coefficients E, G, R, T, to vary in different points of the section 
of the solid considered. 

As to the texture at any given point, there are two ordinary cases ;— = Ss, cant 

1. Amorphous or granular bodies, in which we assume a similar texture in all directions. 

2. Fibrous substances, in which the texture is uniform in all the transverse directions per- 
pendicular to the fibres, but is quite different in the directions of the fibres themselves. Tho 
coefficients which characterize this texture vary therefore in different directions like the radii of 
an ellipsoid of revolution. Experimental data, to be complete, ought to furnish the various relative 
coefficients for the principal directions, which ought to be applicd, sometimes one and sometimes 
the other, accorling to circumstances. , 

We know, for example, with fir wood, how much easier it is to cause the fibres to slide wpon 
each other, than to shear them transversely, and how much ensicr to separate them lnuterally than 
to break them by longitudinal tension. . 

If, in some cases, we admit an unequal toxture in three rectangular directions, tho tensions corre- 
sponding to different positions will be represented by the radii ofan ellipsoid with three unequal axes. 

Crystalline bodics present faves of cleavage which have little adherence, however hard may be 
the crystals themselves. This molecular constitution is too complicated to enter into the formuls 
of strength, and therefore we should treat auch substances as amorphous, attributing to thom 
coeflicients with a mean practical value. ’ 

Limits of Safety. —Experience furnishes the valucs of the coefficienta R and T, which produce 
rupture by tension or fracture by shearing. In permanent constructions it ts necessary to keep 
much within these limiting values. We therefore choose, somewhat arbitrarily, the Iimits of 
strength about ,', for substances which are but slightly homogeneous, such us wood or stone, and 
from } to } for metals. The great difference between the coeflicicnt admitted in practice, and that 
which produces rupture, is demanded not only by what has been said concerning the limit of 
elasticity, but also by the possibility of concussions or wuknown vibrations, by the thousand small 
hidden defects of tle substances, and finally in order to cover the defects of the theory itself. 

The immense variety of nature renders the task of experimenters very indefinite, Every isolated 
trial has only an absolute value for specimens identical with that tried. The discussion is dcticate, 
and it is only possible to give approximate mean values as general results. The origin, the dimen- 
sions, the mode of manufacture, the annealiug, the age. the humidity, and many other cireumstatices 
influence the strength. The labours of Hodgkinson, Fairbairn, Rendeh ¢, Morin, and ather scientitic 
men, have uccurulated a great number of useful data regarding the principal materials of coustruc- 
tion, and yet there remains much to be done in this vast field of practical snvestigation, ; 

The imperfections of theory require also reserve in the cheice of the limits of safety. Certain 
errors act in a favourable direction ; but in ignorance of this it is often necessary to provide against 
them, by attributing to ther an unfavourable effeet. The improvement of the seienee ouglet to tend 
to realize an exact determination of the coucitions of strength ia all the parts of a work ; for example, 
the most economical framework for a given stracture will be that which would fail simultaneously 
in all its bars, when the strain is augmented to ruptare. The seale of se curity, or the suitable 
interval between the practical ccefticient and that of rupture, will always have a character mote or 
lesa arbitrary, because it will be always more prudent, but more costly. tu have a smaller than o 
greater stress upon the material, 

False hypotheses arise cither from ignorance of the laws of the material, or from the conditions 
differing too much from practiee, or from the obligat.on te nimeplify the caleulation, which other- 
Wise tuight be inextricable. [tis thas that in most cases we only consider the states of statical 
equilibrium, omitting the consideration of vibrations or dynaniedt etfeete, In a continuous be an 
of inuny spins we mitst begin upon the hypothesis of the invarinbility of the supports, although wo 
cannot be unaware that a very slight crror of level may overthrow all our caleulations, We muy 
Also iustanee the ahenting of a rivet: the formula asstmes an equal distribution of the shearing 
force on all the elements to be sheared, in such a manner that the disunetion my take place every- 
where at the sume instant; aud yct in reality the cdye attacked will be cruabed before the opposite 
edge has moved, 

forsim— When a cevlinder is twisted by a conple whose moment is = p, and whose plane is 
perpendieniar te the axis of the extind r, every transverse section turns, relatively to ite adjoining 
section, round the axis passing throucsh their centres of elastioty. If ~ ia the are of torsion 
(relatively to the radiu-) per unit of lencth of the cylinder, and if w is the sectional area, then ag 
Gement dw of this area, situated at a distance r from the uxis, will suffer a stress G @rd@win tho 
direction of the tanyzent to the circle of radius 7, Go being the modulus of transverse vlasticity or 
Clausticity by sliding. The aggreyate of these stresses, on the scetion w, Will be equal to a couple 
Whose momeat is = w= f ide. Inthe case of a homogencous material, the moment of torsi- 
bility { Gr? dw, may be written G fr? do or GJ, where J is the polar moment of inortia [7 de 


of the section referred to its centre of gravity. The shearing stress T, a superficial unit, at a point 


distant r from the axis will be T = “ ~ The fibre passing through this point will be bent into a 


spiral, whose tangent of inclination, relutively to the axia, is r ox a4 = - The maximum T, of 
the stress T will be the circumference. Thus the section being a circle of a radius ry, wo have 
os ur 2p ; as 

i,=Gy= og Span being the maximnam sliding. 


* 
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The relative sliding of two transverse sections involves an equal sliding of the fibres one upon 
another, and also an extension or compressiun of the spiral lines inclined at 45° to the axis of 
torsion. 

The moment of torsion expressed by G ¢ J is exact for slight deformations of cireular cylinders, 
or for very short prisms whose sections would be compelled to continue plane. But it would not 
apply to prisms whose transverse sections are free and not 
circular, for these sections give way and bend insted of re- 1i4.. 
inaining flat. In such a case the moment of torsion is less 
than GqoJ, and in order to determine it recourse must be 
had to the theory of St. Venant, now about to be explained. 

Any clement of the lateral free surface is carried along 
by toe interior purallel and contiguous layer, without any 
relative sliding; for it would require an external tangential 
force, such as friction, to oblige the clement to slide. Con- 
sequently the transverse sections of the prisms bend, in such 
a way as always to cut normally the lateral twisted surface, 
It is thus necessary to take account of this deformation, in 
estimating the real slidings tending to shear the fibres. 

Trace two rectangular axes O x, Oy, Fig. 1741, in the primitive plane section, and passing 
through the centre of elasticity O, or axis of torsion, An element M, whose distauce from O is 


x = a/ x? + 17, will have left the plane of the axes after the torsion, and we will call z its distance 
outside this plane. If we neglect this distance z, the inclination taken by the twisted fibre passing 
through M. in virtue of the arc of torsion ¢, will produce simply a sliding r @ perpendicular to the 
radius r; this sliding may be decomposed into its projections ;—y ¢ in the direction of the abscissa 
z, and «@ in that of the ordinate y. If, now, we suppose that the fibre has remaincd vertical, in 





, : Oa ee | 
order only to occupy ourselves with the displacement z, the small inclination 7 will mcasure the 


t 
sliding parallel te O.r, and that parallel toO y. The composition gives g’ = a — y¢ for the 


é re : . : - le 
effective sliding in the direction of 2, and y” = ar + «9 for that in the direction of y. The prin- 
cipal aliding will be the resultant = J/ 9? 4 77°? 

Differentiating 4’ in re-pect toy alone, and y” in respect to x2, and reducing, we obtain the 


5 d y” ad we 
relation Pan ra 2 >. 


The slidings y’ and g” are not only the slidings between transverse sections, which tend to 
shear the fibres. There arealse the slidinys of the fibre, relatively to its veighbours, following the 
small longitudinal faces, parallel respectively to candy. Et then the extreme bases of the fibre do 
not support the normal pressures, if the weight be neglect d. and if the texture iy similar in all the 
transverse directions, the longitudiual equilibrium of the bre will require this general indefinite 

ne f ‘ a a ot 
condition — - + ae 
dor dy 
expressed by the equation of the partial differential coefficients uf the second order 
@Pz dz 
_~+-— = 0. (1) 


d a* al ® 


= 0. According to the above given values of g’ and y” this condition is 


Further, there exists a special condition for the points of contour of the section, that is the condi- 
tion of normality between the secetion and the lateral faces of the prism. It is necessary that the 
" 


principal sliding shall becume, at these points, tangential to the contour, which is expressed by Y. 


¥ 
d x eer 
wc 
tf f dy 
or Be = . ed 
dz diac (*) 
da 


Under the slidinga y’ and g” the elements dw of the transverse sections experience tangential 
dc ‘ 3 iz 
or shearing actions, equal to G (“= —yo ) dm in the direction x and equal toG ( ry te °) da 
ad: ey 
in tho dircotion of y, These actions constitute, in the ageregate, a couple which resists the giveu 
moment « of the external forces tending to twist the prism. We have thus 


= a [ "(iit +6 Pie (pi-ve)y]t 


d ‘ : : 
This expression determines the toraion @; we find os and i by integrating equation (1) with 


Pa) condition expressed by oquation [2], adaptod particularly to the given contour of the base of 
the prism. 

Aa the direct application of the above presenta great diMculties, St. Wenant has contrived an 
expediont, which consists in assuming from the commencement the deformation z; then the 
coutour of the base of the priam becomes the unknown quantity, and it is endeavoured, by the 
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choice of x, to arrive at forms of contours which may be met with in practice. We need only give 


some of the most remarkable results. ; ; 
For the cylinder with circular base, 2? 4+. y* = a* (a = radius), we find z = 0, that is, the sections 


continue plane. The moment of torsion has the value »=Gof(?+y) dz =Go JI; 


= 3 Goa‘, The greatest shearing stress is produced at the circumference, and has the value 


T=Gago= ae , the unit of surface. The circular section is the best of all solid forms for the 
Fe 


resistance to torsion. 


2 + 4 
In the elliptic cylinder, = - = 1 (the ellipse having axes = 2 a and 2 4) the sections bend 


BF — a? ; ‘ 
into hyperbolic paraboloids given by z = eure zy. The axes of the cllipse aa their 
rectilinear direction; but hollows are produced in two opposite quadrants, and projections in the 

24? «Go sik iat 2p Vuk y? + bt 23 
others. The moment of torsion is » = wae The principal sliding g = maser eres amas 
increases from the centre to the circumference; its greatest value takes place, not on the fibres 


farthest removed from the centre or axis of torsion, but at the extremities of the minor axis of tho 
ellipse, points when zr = 0, y = +b. The greatest shearing stress is consequently 





In the equilateral triangular prism, whose side = u, the maximum sliding is produced at the 


ne 3 a 
middle of the sides, and the equation of resistance to shearing is T = aa Gage= 20 =: The 


~ 


moment of torsion «= af G at gis only 3 of the value G ¢ J which it would have on the hypo- 


thesis of sections continuing plane. a = 
In the rectangular prism, whose sides are a and J, the solution is very complicuted. The 


moment of torsion is expressed thus ;— 


ras Ape sa PS alee aa |: 
3 b m*(¢s™° + gates) 
or . : 
ra 1 3a 
a 1 e” 2b ¢” 2b 
# = G o3 [< — 0,2101 b + 0,4183 b (., . ae aS BT | ° See ae + ae -)]. 
e2b+e 2b e2b te” 26 


a converging formula which may be restricted to the two first terms, when a exceeds 4b. The 
Ictter ¢ designates the base of the Nupierian logarithms; = designates a sum embracing an infinite 
(22—1) « 


number of terms, obtained by substituting for m and making successively 


n=1,2,3,... x. The dangerous points are at the middle of the greater sides a2. The shidin 
is nothing at the sharp edges, although they would be the fibres most exposed if the sections ha 


: 1 a! 
continued plane. Taking the moment xn. = Gg ai? (= —K 3 ); and the maximum shearing stress 


T = K’'G 4 4, we should have for K and RK’, according to different values of the ratio ; of the sides, 


the fullowing values ; 


to Lo: ER. Wet * 23 hte 
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Sections in the form of a cross are unfavourable for torsion. 

In the preceding formulas, the coefficient G, of the elasticity of sliding, is supposed constant in 
all the transverse directions, but it may bave another value in the longitudinal direction, as would 
be the case in prisms of wood. The formule may be modified to adapt them to the case where there 
are two different coefficients @’ and G”, in the directions of the abecissa x and the ordinate y, of the 
transverse section ; but in practice the former case is the most iuiportant one. 

Flerure—Let A B, Fig. 1742, bo a prism subjected to transverse forces P,P’, . . . which alter 
the primitive parallclism of the sections by bending all the fibres. Any section CJ) tends to turn 
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as on a pivot under the action of the bending moment u = Pi — P’l’+ ... exerted by the forces 
situated between this section and one of the extremities, A, of the solid. When the forces are all 
normal to the length of the prism, the mean fibre A B, locus of the centres of gravity of the sections 
for a homogeneous solid, bends into a curve without change of length. It separates the other fibres 


v 
P 1742. 


into two groups, one of which suffers elongations, the 
other contractions. These variations (= ~) are propor- 


tional to the distance v of the various Sabres from the 
neutral section, and inversely proportional to the radius 
of curvature p due to the flexure. 

Now we know that an cxtended fibre contracts 
tra. sversely, while a shortened fibre swells. It results 
from this that the section O D will change its form ; if, 
for example, it was rectangular, it will become a sort 





of curvilinear trapezium, Fig. 1743; the orthogonal : ' ‘ 
lines traced in the primitive section will also be ortho- _ oF 
gonul in the deformed section. Qo: 

When the bending moment remains constant for a P 


certain length of tho solid, this Jength bends in the arc ‘ 
of a circle. This case of circular or equal flexure is the ‘ 
only one in which the transverse sections remuin strictly : 
a plane after deformation ; these sections remain normal 2 
to the arched fibres, and neither slidings nor latcral ; 
pressures are developed between the fibres. a 
When the prismatic solid is subjected to a bending 
momeut which varies from one section to another, the us 
flexure is said to be unequal. There are then produced ‘ 
slidings between the sections, and even between the ' 
fibres. The longitudinal slidings between the tibres develop, among themselves, tangential 
reactions or frictions of adherence, energetic in the neighbourhood of the central fibre, but 
which decrease and vanish in the fibres of the external contour which are supposed free. This 
law of the slidings compels the transverse sections, which were origivally plane. tu undulate 
in curved surfaces C’ O' D’, Fig. 1744, cutting normally the external faces of the solid. Further, 


1744. 


1743. 
Section befvre and after Flerwe 


=O 


the slidings between the different threads of particles, produce inverse effects of such a nature that 
no alteration occurs in the longitudinal stresses uf the fibres; thus the fibre m’m”, having a sec- 





tion = daw, will be lengthened by a quantity = ; which implies a tension Edw “ the same as if 


the sections had remained plane in deviating, p designating the radius of curvature of the flexure of 
the clement OO’ of the mean fibre, at first rectilinear. It is this which cnables us to stady the 
flexure on the simplifying hypothesis of the scetions remaining plane, when we have only in view 
the tensions or compressions of the tibres. But when we wish to study the slidinga, which, however, 
are less important, exactitude requires that we should consider the true form of the deviated sec- 
tions,on which depends the variable shding between the various fibres. The law of the curvatures 
C'O’ D' is such that the resultant of the lateral sliding resistances upon a fibre mi’ m” ig in equilibrium 


e e 


with the resultant Bedw (; ie of the pressures on the two bases, a resultant duc to the 


P ; 
variation of the radius of curvature p between O' and O”. As to the effects of swelling and con- 
traction shown in Fig. 1748, there is nothing to prevent their development without causing normal 
lateral pressures between the contiguous fibres. 


, v? 
The tension Edw— of the element of fibro m'm’, Fig. 1744, has for its moment Ede — 


relatively to the neutral axis of the transverse section. The integral of this last expression will 
express the moment of the clastic forees which ought to maintain in equilibrium the given bending 
moment pz excrted by the external forces applied to the golid. Hence the equation of elasticity 


Me 


~- = w, where] designates the noment of inertia, = f v'dw, of the scction of the bent prism in 


respect to the neutral axis. This equation determines tho curvature ; of the mean fibre. For a 
straight beam the curvature rceaulting from the simple flexure is generally vory small, and is 


ay in terms of the abscissa x and the ordinate y of any point of the 


exprossed approximately by be? 
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e a ig 
mean fibre. It is necessary then to integrate twice the equation EI Po = « in order to arrive at 
“2 


the finite equation in terms of x and y of the deformed mean fibre. 
The practical object in the calculation of the strength is, not so much to obtain this deformed 


figure as to establish the stability of the work. Now if tho’ fibre most strained, OC’, is at a distance 
v’ from the neutral axis, we desire that its stress E alee superficial unit shall be limited to a 


: R : » 
given amount R. Substituting, then, 3 for ~ we transform tho equation of clasticity = = 4“ 


RI , ., RI, : : 
into an equation of resistance Si = & in which mI is the moment of resistance. According as 


the ordinate v’ is taken on one side or the other of the neutral axis, R will designate the maximum 
tension or the maximum compression. 

‘When the external forces, being always supposed situated in the plane of the figure, are not 
normal to the prism, they may exert, besides the moment of flexure «, a longitudinal force N, spread 
uniformly over the area w of the section. There are then two gimultanconus cffects compounded on 

5 : v’ 
the various fibres, and the equation of resistance becomes R = = + =: The mean fibre, the geo- 
metrical locus of the centres of gravity or of elasticity, is no longer neutral, for it has to resist the 
stress = . The neutral point, or point of no pressure, and the centre of stress, the point of 


@ 
application of the resultant of the str-sses of the fibres, are situated on opposite sides of the Aree RS 
of gravity, or of elasticity, of the section, following the same reciprocal law as the axes of suspension 
and oscillation in the compound pendulum. 

_... ted Flerure—We have, hitherto, only considered plane figures, assuming implicitly the 
symmetry of the solid and of the forces relatively to the plane of the tigure. Let us now suppose, 
as before, that all the forces act in the same plane, but that this plane of “ solicitation” is not im the 
direction of a principal axis of inertia of the transverse section considered. 

Let us revert, in the first place, to the idea of the ellipse of inertia. Take any section, as for 
example, a double Ts Fig. 1745, calculate its noment of inertia round an axis G M, aud thon tuke 


a length GM or GM’, proportional to wr . Ifthe axis GM be made to vary in direction by turning 


round G, the locus of the points M will be the ellipse of inertia relative to the point G; the ellipse is 
called central, when G is the centre of gravity of the section. As the ellipse possesses two principal 
axes, the given section, however irregular it may be, will also have two principal moments of inertia 
round the same rectangular axes. Now suppose that the plane of solicitation cuts the plane of the 
section otherwise than in the direction of a principal axis, as in the line GM, forexample. Then 
the neutral axis round which the section pivots by the flexure will not be perpendicular to Gi M, 
but will follow the direction of the diameter Gi A, conjugate to C “yin the ellipse of inertia. 
Consequently the mean fibre will, under the action of the force upon” ‘te outside the plane of 


solicitation. +. 
This general case is but rare in practice. It is casily treated by the equation oe yw’, taking 


cure to refer I and vc’ to the neutral axis G A, and to take “ar yw’, not the given bending moment 
H, acting in the durcction G M, but its projection » sin. AG M, un the plane perpendicular to G A. 


1746, 





We may also decompose the oblique flexure into a flexure of descent and a flexure iati 
' : ‘ BC of deviation 

alias serpy at May A by ae Salt hace re rn lige the two principal plancs of inertia. Thon, when 
we wis seek the fibro which is most strained, we must accumul isi 
Gi componcot acheaed ’ ulate the stresevs arising from the 

For bent curved bodies, such as the arches of bridges, the equation of resistance. p 

. ‘. 5 . , ro , 

eae ve acti re for a bent af aie But Pie study of the: clastic deformation Heil ony 
plicated. sis deformation an influence on the reacti 
Uo ie eeuing concae has ton of the supports, and consequently 
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Sliding due to Fle.cure.—When the bending moment » arises from external forces not reducible to 
a couple, the resultant of the projections of these forces on the plane of the section constitutes a 
shearing force, causing slidings and undulations of the sections. When we already know the moment 
# for the section whose abscissa is z, the shearing force upon the same section may be deduced 


i 
therefrom, being simply the differential coefficient “ : 


The sliding on the section for any point is the same thing as the longitudinul sliding between 
the fibres. But in the case of a picce of wood, it must be remembered that this last sliding 
is ne most to be feared, the fibres being more disposed to slide on each other than to shear trans- 
versely. 

In An case of small sections, the sliding is determined approximately as follows ;—Let Fig. 1746 
C’Y)’ and C’’ D” be the bent profiles of two neighbouring sections, and C D the form of those sec- 
tions. The equilibrium of the portion C! m'm” C” requires that the diff-rence of the opposing 
pressures on its bases Clim’, C" m”, shall be counterbalanced by the resistance of sliding upon im! me” 
=de. If the brendth m, m, is = u, this last resistance is expressed by Gg ude, or by'Tu dc; G= 
modulus of clusticity, g = sliding, ‘T = shearing stress a unit of surface. On tie other hand, 


e e D 
the small slice m,m,, whose surfuce is = u dv, supports a normal pressure - udv; consequently 
ue v’ 
C m,m, will support I uodv. The difference between two pressures, analogous and opposite, 


v 
vw 
in passing from C'm' to C’m", will be the differential relative to mu, that is f uvdv,or 


v 

F dc vo’ : . d “ 

a ie wevde, where F is the shearing force = re The equilibrium then gives 
“* 


F (‘v 
Ggu=Tu=7F ( urdv. 


If the section C D ia rectangular, « is constant, and the maximum sliding which takes place on 


. 8 sig F : 
the neutral axis (7 = 0) is 3 of the mean sliding ree, where « = area of section. 
rm 
In a double T of plate iron, the middle web, whose thickness is ¢, and height = 4, has in 
general a section ¢ A, small in comparizon to the top and bottom members; then Gy or T differs 
A 


but little from A? which leads us to calculate the middle web ¢A as if it supported alone the 


shearing atreas spread uniformly over its surface. 

In constructions where the breadth u is not small, the transverse sections bend with a double 
curvature; the sliding may then vary notably upon this breadth. 

Continuous Beams —One iuteresting application of the theory of flexure, is that to continuous 
beans for bridges of several 6pans. ‘The reactions exerted on the piers are external forces, which 
enter into the bending moment and the shearing stress. The difficulty of calculation of these 
reactions arises from their being dependent on the chanye of form; it is evident that, according to 
the way in which the continuous beam undulates under the loads, it may more or less relieve, or 
even quit altogether, certain supports in order to press more upon others. The absolute lifting off 
the supports being only an exceptional case, it is admitted asa fundamental hypothesis that all the 
points of the mean fibre corresponding to the piers and abutments are compelled to remain fixed, 
and consequently, for a stright horizontal beam, at the same invanable level; then the case of 
lifting off a support would be revealed by a nezative value of the reaction, a value which would 
indieate the nocessity of applying a counterweight, or an anchoring down, or making a new calcu- 
lution by suppressing the uscless support. 

One of the carlicst applications of the modern theory of continuous beams to practical engineer- 
ing purposes was made by W. Pole in 1850, and will be found recorded in the M.I.C. E., vol. ix. ; 
theso calculations, corroboratcd by experiments made on a particular bridge, demonstrated that tho 
adverse opinion of an inspector was erroneous, and prohiition to open the bridge was withdrawn. 

The theory was further developed by Pole for the purpose of application to the Britannia 
Bridge, and the caleulations were given by him in Clark’s work on this structure. 

Admitting combinations of load, of such a naturo that the various spans carry loads uniformly 
distributed, but variablo from oue span to another, the equation of Clapeyron, which connects the 
bending moment upon three consccutive supports, resolves the problem in a convenient manner. 
Lbrosso has extended and enlarged this subject in the third part of his ‘Mécanique Appliquée,’ and 
he hae placed the results within tho reach of all practical mon by means of an atlas, ready prepared, 
of dingrains of the maximum bending moments at all points. These only require a very simple 
transformation in the particular application; they only assume certain relations between one of the 
two extreme spans, which are equal, and ono of the intermediate spans, which are also equal among 
themsclves, but as the absolute leagths, as well as the intensities of the permanent and variable 
load, remnio arbitrary, it ia necessary to amplify the diagram according to the particular data, and 
at the same time tu combine the ordinates of the permanent load and of the moving load or sur- 
charge, on the same aside of the axis of the abscissx, in order to facilitate the comparative application 
of the momonts of resistance. 


8932 MATERIALS OF CONSTRUCTION, STRENGTH OF. 


The long calculations for bridges of many spans are therefore simplified, or even rendered 
unnecessary in ordinary cases. But the two following observations dictate a certain reserve in the 
application. 

PP The formula of Clapeyron assumes the moment of inertia of the beam constant throughout its 
whole length. A more general hypothesis would render the calculation inextricable. Now the 
object is precisely to arrive at a considerable variation of the dimensions of the transverse section, 
by making it proportional to the magnitude of the stresses. When this alteration is effected tho 
calculations are no longer exact; it would therefore be desirable that the theory should enable us 
to overcome the difficulty of the general case. According to the analogy of certain simple cases the 
adoption of the beam of equal resistance would only tend to augment from 3 to 4 the moments upon 
the supports, and to reduce slightly those at the middle of the spans. On this account the thick- 
nesses in the neighbourhood of the piers should be slightly increased. 

The hypothesis of points of support maintained at an invariable lovel is the most legitimate one 
upon which the formule can be established; but it must not be overlooked that the pructical 
realization of this condition is scarcely under control, and if it is not entirely fulfilled, the caleu- 
lations are incorrect. In every practical case we must expect slight irregularities or subsequent 
changes which alter the original recularity. Besides, even if the piers were mathenntically 
levelled, we could not be sure that the beam should be so perfectly constructed that this mathe- 
inatical accuracy should express its natural state previous to the action of the loads. It would seem 
that in order to acquire an exact knowledge of the conditions, it would be necessary to ascertain 
experimentally, the reactions exercised by the various piers, in order to compare them with tlose 
given by calculation. ‘ 

Lattice girders may present, according as their bars are more or Jess close, all possible gradations 
between a state of rigidity similar to that of a solid side, and the state of a simple assemblage of 
jointed bars. Under the uncertainty that the question presents, it is customary to calculate 
lattice girders on the principle of jointed systems. The stiffness of the connections, which is 
neglected, appears in genera] to supply an additional guarantee of stability, assuming that the 
flexures are very small; for otherwise, the curvatures generated might falsify some of the results 
and cause increased stress on some of the bars. 

Rupture imminent by Flecure.—When the elongation 8 of a fibre becomes excessive, the tension is 
no longer expressible by E 8, it is an unknown function f (8’). If the most extended fibre, situated 
ata height co’ above the neutral axis, is stretched to an amount 8 a unit of length, any fibre what- 


ever of the ordinate v will lengthen a quantity = 50. Calling u the variable breadth of the 


transverse section, and marking the compressed parts with the index 1, the symbols r, being 
negative t’s, the equilibrium of translation of the section first requires 


[Tuaes(S2) = [naan (Se), 
./ } 


Then, in order to maintain the equilibriam of rotation against the bending moment wu, we must 


have 
w= fovcaos (Se) fo usdens (33'). 
0 0 


M. Barré de St. Venant has proposed to make 
(57) =BD-(01-9)"] 
hi (3 3) = R, [2 me (a es vw)" ] 


for the compressed side, R and R, being, Fig. 1747, the stresses of rupture for tension and com- 
pression, at the distances V V, from the neutral axis. These distances would be diminished to r, 
and v’,, at least one of them, at the instant of actual rupture. The exponents m and m, would be 
numbers > 1. 

If it is the extended fibre which threatens to fail first, and it becomes necessary to limit the 


tension to a value R’, we put 
v\m 
R’ poor — ase aw 
Bfi-(1-3)"] 


=" a-*y vo om—-1 m—-2 oF 
Vv 2 Vv “goa wo): 

Further, since experience seems to show that a similar law of proportion regulates the small 
tensions and the small compressions, it is desirable to unite tangentially at the neutral axis, the 
curves representing the tensions and the compressions of the fibres, This condition requires that 


for the stretched side, and 








af _@f, 
do ag ; 
or 
mR m,R, 
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__Certain authors omit the condition just mentioned, and make the stresses vary uniformly, but a 
different rate for tension and for compression. Then the figure representing the pressures, Fig. 1748, 
will present a break upon the neutral axis; the two volumes shaded are equivalent by the condition 
of equilibrium of translation, which determines the situation of the neutral axis; and if the section is 


a rectangle whose breadth ig = a and height = A, the equation of resistanve would be « = R’ = a 





1747, 
1748, 






—.— - Neutral aus 





ene 


aho,' 


orp = R,’ One or other of these formule is employed, according as it is the upper or 


lower fibre which ought first to fail. In every case the moment of resistance exceeds the vulue 
al 


2 
R’ - a , which would be attributed to it by the ordinary theory. 


> 
The non-uniformity of the variation, or the adoption of the condition of tangential union at the 
neutral axis, aa above mentioned, will ala» contribute to increase the moment of resistance. Tf, 
for example, it is the extended fibre which ought to give way, and if we admit the neutral axis at 
half the height by muking 


Ver,R=Ri,m=m,R=R, V= Vi, 


we shall have 
ah? Bin (m + 38) 


6 °° 20n+ 1) (m+ 2) 

For enst iron we may be ted to admit the law of nniform variation on the side of eampression, 
that is, to make m, = 1, leaving m undetermined, Making, further, Vere, KR = R’, we should be 
lead to 

m+3 | ee 

12 (3 ——_— + 4 —~-- 

math ( ae \ we 


C(f/2trfm4+]? 


Co mpomd Deformations.—Any clastic solid may he subjected simultancously to stresses of 
pressure, shearing, flexure, and torsion, which, in combination, may either increase or diminish their 
rexpective effects, according to the nature of the enge, 

Let C, 2, Dn Cn, Fig. 1749, be a curved solid whose section varier slowly. In order to study 
the clastic forces develupad on a section C, D,, we consider the action of the external forces applicd 
hetween ©, D, and one, Cn Das, of the extremities of the 


p-~R 


salid. These forees may Hea simultancously, upon the HOR 
seetion C, D, a longitudinal stress = N, perpendicular to C Cy 


GC, D,, 9 shearing stress = F, a bending moment = 4, and 
A woment of torsion = gw’. It will then be necessary to make 
a composition of the various motions excited by the different 
causes, in order to obtain the final displacement of the 
section C, DD, The shearing stress F, rand the moment of G 
torsion «! would require, in exactness, that we should take 
account of the bending of the sections; but, attributing to 
them a slight influence in the problem, we rhall cortent 
ourselves here with treating then as uniform shearing and 
evlindrieal torsion. When we have expressed the elementary Ds 

displacement of a section, it will be necessary to accumu- 

late or interate all these displacements between an initial scetion C, D, and that C, D, where we 
stop, in order to ascertain the definitive situation of this latter. 

Let us now refer all to a system of rectangular axes Or, Ow Oz. The index 0 will charac- 
terize the initial point G, of the mean fibre, and the index 1 the point G, under consideration. The 
sign A will indicate tho increments; thus A 2, is the displacement, in abscissa, suffered by the 
point G, in virtue of its deformation. Let 6, 6’, &, and B be the respective ‘angles which the axis 
of flexure or of rotation of tho section makes with the co-ordinate axes O.r, Oy, Oz, and with the 

Jane of the moment «. Let Fz, Fy, Fs, be the projections of F on the axes ; 1 the moment of 
thors of the section referred to the axis of flexure; [’ ite polar moment of inertia round the centre 
of gravity; w its aren; E and G the moduli of longitudinal and transverse elasticity; ds the 
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: G, G,; and finally m,, m'‘,, and m", the components of the rotation 
ecard te Sie initial: ssetton Co D,. The displacement of ‘the point G, are expressed by the 
formule ; 


Gwe 


3) ‘a nin. B cos. 6’ ( zp’ dz | wsin. B cos. *’} ; 
Bo ay ad _ nae Bees, Uae Eni SECs ds : 
ss J (a O(Gp at er +) 9 (ap at et 


So 


a | 
° N F, ds 
AnsAn dl sme— Or —vomst f (s+ = )¢e 
Zo 


WEN Fy ds 
+ 


s 
Ay =Ax»t@Q- ty) my — (2, — Fq) My + f Eo tae 7,) dy 


Yu 


8) ry 7 ” 
we dz psin. Bcos. @ 
@ 
5) 


DY ALLA YEE 
=a - OE F EI a 
bd 2) 
r) N F. ds 
Ary = Nt HK Cm Mu) Mem Crm Te) ey +f Eo con dz 
Zu 
By ] 7 < : °1 0 
pet main. B cvs. € 
+f fn (FRET Ei 


Su 
wo dy — psin. B cos. =); F 
_ Pe ee nas geen br 
aaa OS Fae (a ds? El ji 


If. an clevation of temperature produced a linear dilatation 7, we should take account of it by 
adding respectively, to the first members of these three formule, the terms 


T(L, — Tos TCY1 — Yo) and 7 (z, — 2,); 


but at the same time it would be necessary to introduce into the estimation of N, F, 4, and p' the 

forces which would result from external obsticles opposed to the dilatation, si 
Besides the displacement of the point G, it is necessary also to ascertain the rotation suffer y 

the corresponding section C, D, The components of this rotation, in the dircetion of the three 


cu-ordinate axes, are 
71 ye’ pwsin. B cos, O ds ie 
as ert “ET a 
7v 


41 ; pein. B cos. 7 de 
ey J (rt Er 7) 


Yo 
2} . 1 B cox A” dx 
js BIN. . ) 
ns oe Oe ree d re 
mame f ce EI dz 
t #5 


The moat useful application is that to the arches of metal bridges. There is then no torsion ua’, and 
even the shearing stress F may also be neglected as of slight influence. Moreover, the forces are 
weights all ucting in the plane of symmetry of the arch, and the deformation is plane (A z, OO). 
The span, = Za, of the arch is supposed to be maintained invariable by perfectly atuble abutinents, 
We therefore annul, in the expression of 4 7,, the quantities 4z,, A Lo. Yis Vy Bud 7,3 We make 
x, = 24, ain. B = cos. 0” = 1, und we are led to 


2a 7 
9 Bu ds :) = 
arate f (ik gates dr = 0. 
0 


When a point of the section of a solid is subjecte 
J 


a, simultaneously, to a longitudinal extension 
Sz a unit of Jength, to a lateral extension 8, 


normal to the preceeding, aud to a transverse 
tliding y, these effects combine in a resultant stretehing, which is varinhle in the different asxign- 


able directions. In one direction r, muking, on the plane x y, an angle a with the longitudinal axis 
of x, the clongation, which is supposed small, is cxpressod hy 


3, = 8z cos.? a + 8y gin. a + gq sin, a on. a. 
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The maximum takes place in the direction determined by 


tan. (2 a) = —_; 
5a — Sy 
and ita value is 
§ (32 + By) + VW (3x — dy)* + y*). 
If 5, is only tho lateral contraction — % 8z, caused by the extension 82, the maximum resulting 
elongation will be A 
Tea 


ga Be tad At ky? 88x + y?. 





Tho value of & hag little influence; admitting 4 = 4, the formula will be 
booth ibee toh 


Thus, in order to confine the muximum stretching to a given limit 7 or _ it will be necessary 


(l= A) Eds | A/ (i + 4)? E288 ~ Gty? __ 
2R 4 R? ae SS! 


for all the points of the solid; Ris the given limit of tensile stress and T that of shearing stress, 
If the body is fibrous in the longitudinal dircetion, the formula bolds good with a simple alteration 
of the value of 4, provided that the texture is the same in all the transverse directions. 

Tu the case where the body is only subjected to a longitudinal tension N, accomyanied by a 


to put 


shearing stress F, the former of these forecs, considered as isolated, requires a section wo” 


the other demands a difftrent area w’’; for example, w” = 2 if the section continues plane, or 
3 F F F 
w= oT for u thin rectangle bent edgewise. Then the equation of cohesion would lead us tc 


deduce from this the cff-ctive area w suitable to the two stresses superposed ; that would be 


a 1 A. k oe a/ (i+ hy? w"”# ny 
@ = ( 2 wo + ano are + w °-. 


N ; 
If N were a compression, we might make w’” = hi » 4 being about }, and we should have 
~” Gpyre= 
A og 443 


Suppose, in addition to N and F,a bending moment u acting in the dircetion ofa principal axis 


12 





eo * ° N Ld 
of incrtia of the section. The greatest cxtemsion is ED + KL’ accompanicd by a sliding 
1@ 1, * 


n] 


I ea, Sans oe 
I= &,° nudlinilting the case where the section is preserved plane. If we calculated the section 
w 


s F e all N 
for F alone, we should make it w” = ip supposing N to be tension, we should make w”’ = Ri oF 
° ° . ere N a) e hd Ld 
if N is compression, w’” = i’ ae finally the flexure gu, being isolated, would require a moment ot 


° * » I ha ba 4 ? 
inertin I,, given by w = R at . We write here ev, and not e’, because the dangerous fibre may 


] 
not be the same in the case of simple was in the compound ease. Then the cffective section « 
and its effective moment of inertia 1, ought to satisfy, in the compound case, the equation 


ai \(iane ga a 
(1 w Ir,’ a male ia is gt 


ee”! I, “) ko” , I, a 7 Cie 
C+ ys it, Q=Fe tt) at 
N being compression. 


In a beam which bends freely, with distortion of the sections, it suffices to attribute to the section 
the strongest of the dimensions required successively by the flexure alone and by the sliding alone. 

The theory may be extended to the case where the contexture of the body varies symnictrically 
round three reetanyular planes, bat we will pass over this case. 

Difforent stresses, combined, may weaken themselves mutually, instead of magnifying them- 
aclves; thua a transverse compression may allow an augmentation of longitudinal stretching, as if 
it filled the empty spaces between the molecules which are determined by this stretching. 

An application which ocours in ordinary practice, is that in machinery of a round or square 
shaft, which is at the same time subject to forces both of torsion und bending. 

Let it first be a circulur cylinder, of a texture uniform transversely. This cylinder, whose radius 


N being tension ; or 
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=r, is twisted by a moment p»’, bent by a moment #, and further is stretched by a longitudinal 
stress N. The torsion »’ produces a sliding = ots » and the theory leads to the following equation 


for the fibre the most strained. : 
4 é 


4u Nr k° el gar 
(re —aeo"g) [pet pat No] = op: 


R designates the maximum working coefficient of tension. that of compression, and T that of 


shearing. Calling r’, r", r'’ the radii which would suffice respectively if the shaft was only bent, 
only twisted, or only stretched, that is to say, 


Sc orcs 


8 /4iu ee N 
rod =_ oe one —_ te eo 
hh’ r 7p ene r RR? 


the equation of resistance, which determines the effective radius r, may be written, 
(FF = v8 — v3) (3 + er? 4 bl 8) = 8, 
: es WN 
If N were a compression we should make r’”” = Re and the equation would be, 





(7 ts a + r) (rs — rr? Lr?) = rv, 


The upper signs belong to the upper fibre, and the lower ones to the lower fibre; for it is one 
or other of these fibres which is most threatened. The coefficient 4’ having little influence, we may 
take it = }. 

For a revolving square shaft, twisted (%’) and bent (x), the flexure will be generally pro- 
duced with deviation which complicates the problem. St. Venant has given a table of tne” results 
for a series of positions of the shaft. If the flexure predominates, the diagonal position is the most 


3 
dangerous, and the side c of the square is determined by the equation <= = 6/2. If, on the 


contrary, the torsion prevuils, we must consider the instant when the sides of the section are hori- 


Te is greater than 1°037, and we then take, 
3 Hoe 2 

Pee +a/ Get 23077 (i) 

rm 4 16 Tp 

Combination of different Matcrials.—A simple jointe system, analogous, for cxample, to the simplo 
triangular framing of the Crumlin Viaduct, as originally constructed, may admit without inconse- 
nience the combination of heterogeneous materials ; for example, cast iron or wood in the comprersed 
bars, and wrought iron for the ties. Each piece, in effect, is free to apply its power, with the 
modulus of ela-ticity properly bulonging to it, without risk of involving other pieces beyond their 
limits of strength. But, in the ordinary cases, more complicated, it will often be difficult to muke 
the heterogencous members work well together in such a manner as to utihze them all in the bent 
possible way, and within the limits suitable for them respectively. The formula of deformation 
must be referred to in order to ascertain whether the play of a piece is Himited by its connection with 
another. If, for example, we split a wooden beam in order to strenythen it with a vertical web of 
Nate iron enclosed and pressed between the parts, it will be necessary to establish a suitable ratio 
xetween the depths of the wood and of the iron, if we desire that each of the two materials may be 
strained in given degrecs. 

Dynamical or © Licing” Resistince.—The resistance of sulids exposed to shocks or vibrations is 
scarcely treated, in the present state of science, by any other than empirical rules, which amount to 
a reduction of the value admissible for the coefficients of safety. The mode of resistance, properly 
speaking, is always the same; the difficult point is solely the determination of the greatest stres-ca 
acting on the material. 

Let us consider a cord holding a body in its fall. At the moment when the cord breomes 
stretched, the movable body is animated by a known tis riru; and at the eud of an instant the cord 


elongates by a quantity z,, exerting an increasing effort F, of which the work f ' Pdz has extin- 
6 


zontal and vertical; that is the dangerous case when 





guished the ris rica; then the motion is stopped, or rather, there are produced thenceforward a 
number of inverse oscillations, because the elongation z, is too great to maintain a simple stutical 
condition, If the variable stretching z of the cord or rod remains but small, the tension F muy be 

Ewz 


expreased by “y 


Then the resisting work is 


, E being the modulus of elasticity, « the section of the rod, and / its length. 


Eo *1 E w -,? 
= 7 i sdz=—5- 


0 





In order to verify the strength, it will suffice to equate this expression with the ois viva which 
expresses the shock undergone, added to the work Pz, of the weight P of the body during the 
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stretching, and then to show that the elongation 3 a linear unit deduced from the equation does 


not exceed the limit admissible consistently with safety. If there be no initial shock, the body 
being set free without velocity at the momont when the cord begins to stretch, the elongation of the 
latter attains double the statical amount. 

When a rail is tested by the shock of e falling weight, there occurs a phenomenon which is com- 
plicated under two points of view; in the first place, becauee the rules of mechanics only give a 
rough idea of the maximum intensity of the reaction developed by the shock; and secondly, because 
the test, in order to be conclusive, ought to be extended to near rupture, beyond the limit of elasti- 
city. Hence it must be left to the province of direct experience to decide the legitimate intensity of 
the shocks that should be prescribed. Certain observations made on bars of cast iron have appeared 
to show that the shock of rupture depends solely on the area of the section, and little or nothing on 
its moment of inertia. This is a fact that requires explanation. 

Certain mechanical organs which are constructed expressly to reccive shocks, such as hammers, 
for example, cannot pretend to the conditions of resistance applied to objects less strained. The face 
of a hammer will necessarily undergo a continuous work of permanent deformation or gradual 
drawing out; that is a question of wear; the remedy consists, less in the dimensions, than in the 
durability of the metal employed. 

Slight vibratory movements should be viewed differently from she cks properly so-called. They 
produce actions less intense or less concentrated, but they are present in all machines, in bridges, 
and other atructures, ae affect, therefore, the majority of permanent buildings, to which the 
thuory of strength is applied. But unfortunatcly the laws of these periodical motions ‘are so compli- 
cated, that it will be a long time, without doubt, before any of the results ubtained by theoreticians 
become available in practice. 

In principle the difference that exists between a question of dynamical resistance or elasticity 
and the same question viewed statically, rests in the introduction of the forces of inertia. Then, 
according to the theorein of D’Alembert, there will bo a fictitious equilibrium between the given 
applied forces, the molecular stresses developed by the stretching of the fibres, at the instant con- 
sidercd, and finally the forees of inertia which depend on the actual acceleration of the motion. 
Hence we cannot escape the necessity of con- 
sidering the law of this intermolecular move- A190: 
ment. Scientific rescarches on vibrations have 
been made by vurious authera, especially by 
Phillips and Bresse. We will indicate the re- 
sulte of an interesting case, considcred by Bresse, 
that of the transverse oscillations of a beam ; 
this case will at least show the complex form of 
the ex pression. 

Tranarerse Vibrations for a Homoyjenecus Beam, 
of constant section, placed on two supports A 
and B, Fig. 1750, and carrying, a running 
metre, a permanent load p, and a movable 
surcharge or load 7’. The support B exercises a reaction = Q; the support A is taken for the 
origin of the co-ordinate axes Avr, Ay; the length of the beam is = /. In the statical condition 
the ordinate of flexure of the mean fibre at the point M, whose abscissa is = rz, would be 


r (x? + P—2 lr?) 
24 EI 





Fp’) 


E being the modulus of elosticity and I the moment of incrtia of the section, assumed constant. In 
the case of motion, the inertia would intervene. An element dz,, of the portion MB would have, 
in the time ¢, a force of vertical inertia 





pep’ du, 
SS ae 
9 dt? 
‘ : d ‘ 
where g designates the acccleration due to gravity. Furtler, the proper mass E = of the clement 
¢ 
. u : 
would have sustained a small rotation — a whence the angular acceleration — it, and, 
1 thr, ¢ 


consequently, the couple of inertia 
rtd, Buy 
g dx, dt? 








Tho letter r designates tho radius of gyration of the scotion. The bending moment is then 


1, ey . 1 d*y, | : lor? Py, 
Els3= fC -s ae) (x, aS ae il aa vg dadt dx, —- QU — x). 
a z 


Differentiating twice, we get rid of the signs of integration and of the reaction Q, and we have this 
equation of the partial differentials of the fourth order. 


1d*y pr d‘y 


d*y : a 
Elon = +p(1 ~sae)t 7 ate 
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We arrive at the integration of this equation by means of series. The arbitrary ag 
introduced are determined by the conditions of the problem ; and especially according to the initial 
state in which the beam is considered. It is clear, for example, that if this initial state is that 
capable of maintaining the equilibrium, no vibrations would be produced ; for the foroes of inertia only 
exist, by the hypothesis, through the fact of a primitive nnomalous state, which compels the 
molecules to seek their equilibrium; in pursuing it they pass alternately on one side and on the 
other, from which circumstance the vibrations arise. Let us then suppose to be given the functions 
@ (x) and ¥ (xr), which represent respectively the ordinate of flexure y and ita differential coefficient 


ce in the initial instant, f=. By making 
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then Brg = A‘,and Be _ =, the integral which will express the variable flexure y at every 
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The sums comprise an infinite number of terms, the quantity i taking all integral positive 
values. The duration of the period 
21, 
= — Wet? + 2B 
«ih? 
varying with #, the movement is not periodic, but is produced by the superposition of an infinite 
number of periodical movements. The strict periodicity would obtain in the case where p would be 
null; then the duration of the oscillation would bo 
22, fp 
= EN 
If the beam is taken without defurmation and without velocity at the origin of the time, that is 
to say, O(c) = W(x) = 0, the cquation of motion is reduced to 
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the sum = only extending to the unequal vulues of 7. The motion is nearly periodic, by reason of 
the quick convergence of the series. The maximum deflexion, thus produced by the sudden 
application of a load without velocity, reaches double the amount of the statieal deflection. 

When it is wished to consider the influence of the velocity ¢ of transport, by which the extra load 
may be moved along the beam, it must be remarked that this velocity is equivalent to a centrifuyal 
pressure, nearly vertical, in consequence of the curvature of the trajectory which the movable body 
in led to follow on the bent beam. The caleula:ion shows, that under the centrifugal action alone, 
the maximum bending moment might rise to 
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instead of the statical value —, on the hypothesis that the moving Inad is renewed at one 


extremity in proportion as it leaves the beam at the other. Practically, it might be admitted, that 
the rolling velocity increases by about one-third the statical effects. 

In conclusion, it may be remarked, that the theory of the strength and resistance of materials 
touches obseeure problems of the physical conatitution of bodies: and yet its practical charseter 
obliges it to be simple. Another motive, also, justifies the departure from rigorous exactness, that 
ia, the irregularity of the material facts; if it is good, in effect, to associate mathematical avience 
with physical pheuomena, it is incontestable that these two clements, one always logical, the other 
often capricious, are often divorced from each other. It ia on the Jatitude of the coefficients 
admitted in practice, that the foundation of security reste, destined to provide both against the risks 
of ve ete biel as ae igi of theoretical hypotheses. 

saudard states that he has only endeavoured to lay down the most gencral thoorctical j i 
secking to bring to view the bases more or less controvertible of the forniates cdopede tie in 


MERCURY. 899 


reality necessary to weigh well the value of these bases, in order cither to appreciate the modifica- 
tions to be observed in their application, or to discover improvements in them. 

In spite of these imperfections, the theory of the strength and resistance of materials in its 
present state, constitutes nan admirable and useful doctrine, which ought to be better known by the 
majority of constructing engineers, s0 much dovs it tend to impress boldness and elegance on designs 
of all kinds. 

MERCURY. 

The deposit of mercury worked at Almaden, in Spain, consists of three parallel and nearly 
vertical beds of grit or quartzite, impregnated with cinnabar. The length of the workable portions 
of these is 150 to 180 metres, and the thickness of each is froin 3 to& metres. Their direction is 
appro.imately east to west. The most southern is termed the vein San Pedro y San Diego, and 
the two others, which Jie close together, are known as San Francisco and San Nicolas. ‘The vein 
San Pedro y San Diego consists of a white grit, regularly impregnated with cinnabar, which gives 
it a beautiful vermilion colour, particularly towards the western end, where it is richest. Towards 
the west, the depusit ends abruptly against a mass of schist. Towards the east, it becomes pradu- 
ally poorer, and passes insensibly into ordinary white quartzite. The castern end also becomes 
poorer in going down ; so that the rich portion forms, in the deposit itself, a column dipping to the 
west. The grit forming the veing San Francisco and San Nicolas is black, and harder, more 
compact, and less regularly and less richly impregnated with cinnabar than that of the other. 
The beds of grit rich in cinnabur are containcd between other barren beds, in some places of schist, 
and in others of quartzite. 

The mine is worked by ten levels, of which the lowest is about 289 metres below the mouth of 
the San Teodoro shaft. The first four levels, down to 140 metres from the mouth of the shaft, are 
roinous and inaccessible. 

In the lower levels the deposits beeome more extensive, thicker, richer, and more regular. The 
veing San Francisco and San Nicolas approach cach other in going down, and in parts join into 
one at the ninth level, the lowest at which they have been worked ; and both approach nearer to 
the vein San Pedro y San Diego, so that it seems likely that at a still greater depth they will all 
join into one mass, 

At the fifth level, which has now been long worked out, the ore was of very inferior quality. 
At the sixth it was chiefly poor ore, containing 1 to 7 or 8 per cent. of mercury, with a few mmsses 
of * medium ore,” containing 8& to 20 per cent., at the ends of the veins San Francisco and San 
Nicolus, At the seventh level rich ore appeared, containing over 20 per cent.. and in some 
instances as much as 80 or 85 per cent. of mercury ; and the propo:tion of this increases in going 
lower, until the tenth level, so far as if has been opened, yields nothing cise. 

When mediam or rich ore is calcined sa as to expel the sulphur and mercury, the siiecous 
residue left is porous and friable, or even crumbles into sand. A portion of the substance of the 
rock scems thus to have absolutely disappenred, and to have been replaced by ciunmabar. The 
period at which the cinnabar was thus introduced cannot be determined with any approich to 
certainty. Its introduction was evidently not asad BR with the Geposition of the Silurian and 
Devonian beds in which it oecurs, and dates probably, like that of the cinnabar found im the 
Palatinate, and at Valluta, near Agordo, from the close of the Permian epoch. It is thus distinetly 
older than the Idrian deposit of cinnabar, which is rezurded as belonging to the Triassic period. 

The workings of the Almaden mine communicate with the surface Ly three shafts, of whieh one 
is sunk te the depth of the tenth level, and the others to a little below the uinth. 

The upper levels are at irregular distances’ apart; but in those recently driven, the depth froin 
one to the next is fixed at 25 metres. 

The method of working now in use was adopted about the year S804. Its essential feature ia 
the use of cross arches and walls of massive masoury, to support the sides of the excavations when 
the ore has been removed. 

Where the veins San Francisco and San Nicolas come close together, the ground between them 
is entirely removed, and the main arches are turned from the south wall of the one to the north 
wall of the other. 

The work underground is nearly all done by contract. Between 700 and S00 men are employed 
in the mine in the course of each day, in six-hour shifts, but the whole number engaged is much 
rreater than this, from 2250 to 2500, as the men do not, on the average, work more than one shift 
of six hours every three days, and those oceupied in the work that is most injurious to health, the 
miners breaking ont the ore, and the masons engaged in underground walling, do not work more 
than one shift in five or six days. 

Until 1873, the raising of the ore in the shafts was done wholly by horac-power, the only engine 
in use having been an old pumping engine, by Watt, ereeted in 1791.) There is now a good winding 
engine at cach of the three shafts. two being used for ore and materals, and the third for acnding 
up and down the men. 

The amount of pumping required is very limited, the quantity of water raised being only from 
15,840 to 18,480 gala. in the twenty-four hours. It is lifted from the seventh Icvel by the winding 
ae of the priucipal shaft, wud so much as comes in below this level is pumped up to it by 

and. 

The ventilation is effected by natural circulation, aided, especially in suinmer, by a Guibal fun 
at the top of the upcast shaft. 

The vre raised contains on the average 7°5 to 9 per cent. of mercury. It is sorted by hand iuto 
three classes ;— 


Metal containing from... .. .. .. .. 22'S ta 25 per cent. 
China ct) 9° ee oe as oe ee f aq 70 a9 
Solera 99 Cy ee we ae oe ve 0-3 o8 0's a9 
3M 2 
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Two forms of furnace are in use; the Bustamante furnaces, introduced in 1633, and so-called 
Idrian furnaces, adopted about the commencement of the present century, 

There are twenty Bustamante furnaces, arranged in pairs. The furnace proper of cach consists 
of a vertical cylinder of masonry, 2 metres in inside diameter and 6°60 metres high, which is fitted 
with charging openings in the side and at the top, and divided about the middle of its height by 
an arch of perforated brickwork. The upper part receives the chargo of ore, and the lower is tho 
fireplace. The fuel used is brushwvod. A chimney communicating directly with the fireplace 
promotes the draught, and carries off the greater part of the smoke. 

Openings lead from the upper part of the furnace to twelve parallel rows of earthenware con- 
densers or uludels. Each of these is in the form of a vase, open at top and bottom, and they are 
inserted one in the next, to the number of forty-five or fifty in a row, and well luted at the joints, 
forming twelve small flues, of variable section and with thin walls. They open at the end into 
low chimneys, two to each furnace, fitted with dampers for the regulation of the dranght. The 
charge of ore is about 114 tons. Broken stone or poor solera ore is tilled in, first, on the perforated 
arch, to a thickness of about 16 inches, and the richer ore, first china and then metal, is charged 
upon this. The bacisco is put in last, and the charging openings are then closely luted up. _A fire 
ix next lighted below, and is kept up for eight or ten hours, consuming 2°2 to 2°5 tons of wood. 
The ore is then suticiently kindled, and the fire is let out; but the mass of ore is maintained at a 
red heat by the combustion of the sulphur that it contains, and continues to calcine spontancously, 
until this and the mercury combined with it have been expelled. The residue is then allowed to 
eoal, and is discharged, and a fresh charge is put in. Each operation lasts seventy-two to seventy- 
five hours, thus divided; charging, one hour; tiring, eight to ten hours; calcination, forty-five to 
forty-six hours; covling, cightcen hours. 

The mereury condenses chietly in the portion of each row of aludels nearest to the furnace, and 
flows from the aludels through openings 2 to 4 mm. in diameter in the under side of cach, into 
suitably arranged gutters, and thence into a reservoir. The aludels nearer to the furnace are taken 
up at intervals of tifteen days, aud those more distant every two months, to clear out the mercurial 
du-t or soot that wathers in them. 

The Idrian furnaces, cf which there are only two at Almaden, differ from the Bustamente 
furnaces in little except their greater size, and the form and arrangement of the condensers. The 
furnace is 3 metres in inside diameter by 7°50 metres high, and the fireplace is separated, as in the 
Bustamante furnace, from the chamber that receives the charge by an arch of perforated brick- 
work. Each furnace communicates with twelve masonry condensing chumbers arranged in two 
series of six. The condensers are lined with Portland cement, and the mercury from them is led 
by pipes into a stone reservoir. The charge is between 28 and 29 tons, and cach operation hists 
six days; one for cleaning and charging, one for firiny, two for calcination, one for cooling, und one 
for discharging. 

The mercury is led from each furnace to the magazine by a wrought-iron pipe, and is there 
put up for sale in wrought-iron bottles containing each 34°507 kilos., or 75 Castilian pounds of the 
metal, 

The loss of mercury in the proecss of distillation has been determined with great care, and docs 
not exceed 5 per cent. of the quantity contained in the ore treated, in the case of the Bustaumantyo 
furnace, or 5°5 to 6 per cent. in that of the Idrian furuace. 

The deposits of mereary in the United States are rich and extensive, they have been described 
by Dr. T. Egleston, and the following particulars are upon his authority. 

The ores of mercury which are found in California are metallic mercury and cinnabar. They 
occur in large quantitics, and both of them are miued and treated os ores. Minerals of mereury 
eccur occasionally, such as the selenides, but they are rarely found, and have no metallurgical 
interest. Cinnabor is generally found near the junction of serpentine and sandstone, 

Sometimes ore ix found in clay, as at the Sunderland Mine, and upon Mount Shasta, where it 
occurs in seams of clay. At the Geyser, New Almaden, Gaudalupe, and the outerop of the Oakland 
mines, the serpentine is very much decomposed on the outside. The decomposition goes su fur into 
the rock that it is only in the large picces that its real nature can be seen. This decomposition is 
going on still in all the mines in the serpentine, the waters frum which, and from the surrounding 
country, contain large quantities of sulphate of magnesia. 

The randstene ia sometimes very fine and soft, and forms what is called the mud rock. At the 
Oc. anic Mine the sandstone is so crumbly that it falls casily to powder on being worked, so that 
nearly all the ore has to be made up into adobes, to which mud has to be added to hold it together, 
Where the sandstone is not decomposed, it very often contains considerable quantities of petroleum, 
which renders the extraction of the ore more difficult by increasing the amount of soot. 

These orex, expecially those in the sandstones, are often found associated with chaleedony. But 
these masses ure very irregular in the mince. The rock is sometimes rich enough to yield 3 to 10 
per cent.. and sometimes more, of mercury. A microscopic examination of this chaleedony con- 
taining cinnabar, shows that the ciunabar is crystullized, the crystals being in a great many cases 
doubly terminated, though to the cye nothing but a red stain is perceptible. 

As the serpentine rock is very susceptible of decomposition, it has often been thoroughl 
decomposed on its outcrop to a very considerable depth. Where the serpentine has formed cliffs i¢ 
has bcen washed into the valleys, so thut there is a large deposit of material from the decom posed 
rocks. In such cases it will be found that what appears to be nothing more than ordinary dirt will 
contain frequently from 2 to3 per cent. of metallic mercury, with only a trace of cinnabar: in which 
case it is made up into adobes and distilled. Not unfrequently the outcrop of the rock where it is 
not decomposed is filled with metallic mercury, so that by striking a pick intu the rock,a pound or 
more of mercury will sometimes spurt out at a time. Such rock as this is found in several 
localities in every stuge of impregnation, from mere microscopic globules up to those yielding large 
quantities of it, which makes very rich ore; there is, however, not very much of it in any one place 
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It consequently cannot be depended upon, as it is only found in the first workings. The ore in 
depth is always cinnabar. 

At the Sulphur Bank Mine in Lake County, the ore is found in an extinct geyser which still 
produces boiling water, associated with very large quantities of gypsum and sulphur, directly on 
the shore of the lake. Sometimes there is more sulphur than cinnabar, which is a detriment to 
both sulphur and cinnabar, making the sulphur impure, and rendering the cinnabar difficult to 
work on account of the soot. In some of the early constructed furnaces, the accumulation of soot 
from the excess of sulphur has been known to penetrate as far as the blower, and completely pre- 
vent its revolution. In order to get rid of the inconvenience of this accumulation of soot, as well as 
to get a commercial value from the sulphur, it is now separated by steam and sold. The ore is 
mined in an open cut, and in several places they have reached the luke level. Besides the rich ore 
there is a very large quantity of poorer ore yiclding 1 or Z per cent., which the sulphur makes almost 
impossible to work. As the sulphur is in such lurge quantities, it is very neccessary that the work 
should be done without fire, the use of which is strictly forbidden to the workmen. 

The ore is divided intu two separate categories, that containing a large and that containing a 
small quantity of sulphur. That containing a large amount is first treated for sulphur in a steam- 
furnace. The upper part, which is round, is made of thick boiler plate bolted on to a cast-iron 
bottom. The charging door is hinged, and screwed down witha handle. The lower part is pro- 
vided with a heavy cast-iron grate, on which the ore rests. The ore is charged upon the grate and 
the furnace closed. Steam at the temperature of 230°, and at a pressure of 50 Ib., is introduced, the 
sulphur is melted, liquates, and runs through the grate into the lower purt, from which it is dis- 
charged by means of the stop-cock, which is surrounded by a steam jacket to keep it hot. When 
no more sulphur flows the discharge door is opened, and the residue is treated for mercury. 

The attempt to concentrate the poorer ore has been made with more or less success, with the 
Frue Vanning machine. The resulta of these concentrations are treated in retorts, of which there 
ure fifteen ortwenty. The fine ore is treated in a furnece somewhat similar to the old Idrian furnace, 
but as it is used for fine ore it is made to fall over triangular shelves made of tile, aid arranged 
somewhat similarly to the Gerstenhoffer furnace. The condensers are arranged as in the old Idrian 
furnace, although they are continuoos. The furnace trcats 12 to 13 tons in twenty-four hours, 

Generally the ore, as it comes from the mines, is more or Jess hand-picked. The attempts which 
have been made to treat the ores mechaniedly have usually pot been successful, and no attempt is 
made to concentrate the ore. Jt is taken us it comes from the mines, and if it contains binding 
material it is made up into adobos; if it does not contain any, some must be mixed with it. The 
adobes have no regular size or weight, and are treated in the furnace as large ore. 

The metallurgy of mercury in California is essentially different from that emploved in all other 
countries in this respect, that all the furnaces use fans placed beyond the condensing apparatus, to 
furnish their draught; this plan not only gives an abselute control of the draught, but avoids the 
necessity of employing chunneys, and prevents the action of the fumes on the surrounding life and 
veyctation. The consequence of this arrangement is, that the draught is always towards the interior 
of the furnace or condeusing appuratus, so that if a erack appears, or a door is left open, ne fumes 
will escape ; cases of salivation are consequently very mre. ‘The dranght can always be regulated to 
suit the working of the furnace, or the irregularities of the weather, by chaning the velocity of the 
fun. In all of these methods the furnace itself is of very much less consequence than the condensing 
apparatus, though it sboull always aim to extract the metal from the ore at the lowest pussible 
temperature, and to be able to work the ere required after the least possible mechanical prepara- 
tion. It is consequently on the condensing apparatus, rather than on the furnace itself, that the 
greatest number of experiments have been made. Of these furnaces, the one which has the best 
condensing apparatus will be the best. 

The processes by which the ore is treated are, first, the process of precipitation ; second, that of 
roasting. The precipitation is done in retorts with lime, and consists of admitting oxygen cnough, 
by means of an excess of uir, to produce sulphate of lime and free mereury. The roustiug is either 
done in continuous or non-continuous furnnees which are cither retorts, or various kinds of shaft 
furnaces. The reaction, as the ore always contains more or less moisture, consists in volatilizing 
the sulphur, and oxidizing it so as te produce sulphuric acid, which is taken up with the moisture, 
and runs to waste, while the mercury becomes free, and is caught in condensers. The furnaces, 
which are not continnons, are a modification of the old Idrian furnace. Those which are contiuous 
are the Lockbart and the Livermore furnaces, the latter adapted only for treating fine ores. 

There are a great many varieties of shaft furnaces which are continuous, some of which work 
with water jackets, 

The only effort made to sort the ore is a rough attem,t at hand-picking. It is gencrally assorted 
into approximate sizes, over rudely constructed gratings, the object of which is to separate the fine 
ore as much as pussible, since most of the furnaces would be clogged if fine ore in any proportion 
were allowed to enter them. No assays are made; there ia consequently very hittle dependence to 
be placed upon any of the statements of the advocates of the different kinds of furnaces, that their 
furnaces actually yield m® higher percentage than those of their neighbours, or, in fact, that they 
yield any given percentage at all. The only statement that can be relied upon is, that they produce 
in twenty-four hours a given number of pounds of mercury. The mereury is delivered to the market 
in iron flasks, which contain 764 Ib. cach. It is accurately weighed in a balance constructed for the 
purpose, and poured into the flasks. They are closed with an iron serew for a cork, which is 
screwed tight with a long lever, and then shipped to the consumer. When the flask contains more 
or lees than this, it is called an irregular flask. 

METERS. 

Water meters may be divided into two distinet varicties ; low-pressure and high pressure meters. 
The first aro ropresented as a class by those which discharge definite quantitics of water, by 
successive and intermittent actions, out of measuring chatabers of known capacity, to cisterns 
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situated underneath for its reception, the mere weight of the water being generally employed as the 
moving agency. 

Tho high pressure class delivers the water at higher levels than those of the meters themselves, 
and are impelled in some cases by the mere velocity of the current of water passing through them, 
but in most instances by the pressure alone. 

In Reid's meter, instead of employing the ordinary form of piston, there is a light and easy 
fitting metallic pistun of a rectangular shape, revolving on one of its edges around the axis of a short 
cylinder, while its opposite edge sweeps the inner circumference of the cylinder, and moving so 
freely that a few inches of water pressure is sufficient for its impulse. 

* Figs. 1751 and 1752 are vertical sections at right angles of the instrument. The measuring 
chamber « 6 is a cylindrical segment, rather larger than a hulf-circle ; the index d, within a glass- 
frouted box c, and the counter-wheels ure acted on by the revolving spindle. 
The piston ¢ is rectangular, and is connected to the spindle pussing’ 
through a slot fin the piston, as in Fig. 1751. One edge of the piston e 
works in contact with the tuner surface of the cylinder, whilst the 
opposite edye works into a concentric cylindrical cavity of smaller radius 
formed in the chord side of the chamber. The chord side is vertical or 
inclined, the inlet for the liquid is below the central cavity, and the outlet 
is above it. When the pistun is in the position shown, the liquid entering 
helow lifts it upwards and round the course till nearly parallel with the 
ehord, at which time the lower edge of the piston escapes from the 
ventral cavity, and slides down by gravitation over or through the spindle, 
thus translating the axis of revolution from one end of the piston to 
the other, when it avain ascends by the pressure of the inlet from below, 
while the liquid above is forced outwards by ascending through the 
outlet port above. The opposite sides of the piston at the ends nre slightly SSS ES 
bevelled off, to ensure thi piston sliding down just before it comes in 
contact with the chord surface, 

The pistun meter, Fig. 1753, and to a smaller scale in section, Fig. 1754, 
invented by 8. Hannah, of Darlington, consists of two cylinders, with 
pistons, which actuate cach other’s slide valves. The larger of these 
chambers forms the body of the meter A A; the smaller, B B, forms the 
valve chest, and is fixed within the other, the whole being made in halves which are bolted 
tovether at the centre and edyes. The side wines of the valve chest contain the small chamber, 
while its centre is occupied by the valves and ports. All the ports open up on one level face flush 
with the main joint. The small piston valve E F is double-ended, und carries the main slide 
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valve c. The secondary slide valve K is provided 
with two bent arms passing throuzh openings in the 
valve face, which are covered water-tight by the 
valve. These two arms, whose positions are shown 
by their nuts on the valve, are bent outward under 
the face, und are pushed alternately by the main 
piston at the ends of its stroke. The index is of the 
usual gus-meter form, taking its motion from the muin piston by means of a ratchet. Water 
entering at T passes twice through the cylindrical perforated strainer U, which can be removed for 
cleaning ut any time on tuking off the top nut, to the valve chest, filling the space V between 
the two ends of the small piston. There is thus an equal and constant pressure on the inside of 
both ends of it, its motion being caused by the disturbance of eqnilibrinm, when one end of its 
chamber is connected with the supply and the other with the exhaust. From this chamber the 
water is distributed by the slide valves c and K through the ports IJ and PD, to the main and 
secondary chambers alternately, and is ultimately exhausted through the centre ports Q R, which 
unite to form the outlet 8. The action is as fullows ;—The main piston, when in the act of com- 
pleting its stroke, pushes the secondary slide valve K into its reverse position. The secondary 
piston then makes a stroke, carrying with it the main slide valve ¢c, and this reversing of the main 
elide causes the return motion of the muin piston. 

The meter, Figs. 1755 and 1756, consists of two cylinders and pistons, end to end on the same 
axis, the cylinders being separated by a narrow space, in which the levers for working the slide 
valves ure placed, The whole of the meter, excepting the two cylinder covers and the valve 
jacket, is in one casting. The water is admitted to and expelled from both sides of each piston 
alternatcly, and cach piston works, by means of lcvers, the slide valve of its opposite cylinder, 
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Each piston must travel to the end of its stroke, and empty the total capacity of its cylinder, before 
the other cylinder can receive its complement of water. ; ; 

Fig. 1756 is a longitudinal section, with one piston and rod in elevation, and the other in part 
section. Fig. 1755 is a cross-section through the level chamber. Fig. 1757 is a plan of the valve 
faces and the like. AB are the two cylinders bushed with gun-metal, and bored out truly with 
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each other by the same boring bar. CD are the pistons of cast iron with metallic packing rings, 
which are preferred for this purpose. The piston rods EK and F are of gun-metal, and are indepen- 
dent of each other, but the end of F is increased in diameter and bored out to receive the end of F, 
which works freely in it. The pistons have a lupg boss, in which the rods work freely, and, as the 
end of the boss is solid, no water can s from one side of the piston to the other. The rods are 
slotted out as in Fig. 1755, and the pistons have a steel pin G secured through their buss, which, 
after the piston has travelled for a portion of its stroke, strikes the end of the slot, and works the 
valve motion. Gun-metal bushes H H are screwed into the inner cnds of the cylinders A B, and 
leather collars are inserted through which the piston reds work. The leathers are kept in position 
by screwed nuts, In the chamber K two gun-metal levers L and M are fixed, to oscillate on 
their respective studs N and QO. The piston-rod E has a slot near its end to reccive the extremity 
of the lever L, and the rod F has its two sides flattened to form shoulders for the forked leyer M. 
The lever L is connected by the link P to the slide valve Q, and the lever M by the link BR tu the 
valve 8 The valves are of the ordinary D shape, and, as well as their faces, are of gun-metal. 
The levers are proportioned so as to give to the valves their proper amount of travel. On the top 
of one of the hinks a projecting stud or pin is formed, giving motion to a lever pinned on to 
the end of a spindle V, which passes through the stuffing-box into the bottom of the box X. 
On the other end of this spindle a ratchet with spring is fixed, and works into a ratchet wheel, 
secured on the main spindle of a counter-gear, enclosed in a water-tight box Z screwed into a 
recess cust on the top of the valve casing. The counter-gear is similar in all sizes of the meters, 
with the exception of the ratchet wheel, which is varied as to the number of teeth to suit the 
registry of tho various sized meters, These mcters ure very compact, the size with a I-in. 
delivery only occupying a spuce of about 15 in. by 14 in. deep over the index box. A meter having 
eylinders 4% in. Simicler. with a 2-in. stroke, delivers from 2300 to 2700 gallons an hour. It 
is stated that they can be worked under any pressure, and have been found to register equally 
correct under 50 Ib. a aq. in., and under a fouw inches head of water. 

In the current meter designed by B. T. Moore, the two main features are the frame, which is 
s0 constructed as to secure the required position of the instrument in running water; and the 
rotating cylinder, containing the internal mechanism for recording the number of revolutions made 
in w given time. The instrument can be lowered into water to the required depth by a light chain 
or cord from a boat or other platform, and the rotating cylinder can be set in action or stopped at 
any instant while under water. When the current meter is lowered into running water it takes up 
a definite position with respect to the direction of tho stream, and steadily maintains that position, 
no apparatus being required to fix it. Fig. 1758 is a side elevation of the instrument, and 
Fig. 1759 a plan of the frame with a section of the revolving cylinder, showing the mechanism 
within it. Figs. 1760, 1761, and 1762 are transverse sections of the revolving cylinder, The frame 
consists mainly of three flat thin bars of brass, united to the solid ogival head which forms the 
front of the instrument, and terminating in a long double tail or rudder, the section of which is a 
cross with coqual arms. They are bound together to form a stiff and strong frame, but so as to 
offer the least possible resistance to running water. 

The frame is suspended from a stirrup by two bearings, the geometrical axis of which is 

rpendicular to the longitudinal axis of the frame, which passes through the point of the ogival 

ead and the line of iutersection of the plates of the double tail; and the sides of this goth are 
extended downwards, and pieroed with two holes for the purpose of attaching a lead weight to 
meet the instrument in place when used in a rapid stream. ; 

‘he rotating cylinder is immediately behind the ogival head, having its axis coincident with 
the longitudinal axis of the frame. The centro of gravity of the whole instrument is in the 
geometrical axis of the bearings by which the instrumont is suspended from the stirrup, and 
Inidway between them. 

The instrument is symmetrical about a vertical plane through the longitudinal axis, and, with 
the exception of the keel plate, about a horizontal planc through the same axis. Thus, when the 
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current meter is lowered into running water by a cord attached to the swivel at the top of the 
stirrup, the stream, acting upon the double rudder, will bring the longitudinal axis of the instru- 
ment in the direction of the current, with the ogival head pointing accurately up the stream, and 
this position of the instrument will hold good however great may be the velocity of the stream ; 
for the vertical line through the centre of gravity, the direction of the pull upon the stirrup, and 


1758. 





the resultant pressure of the running water upon the instrnment, all pass through one point, and 
are in equilibrium, and consequently no couple is brought into action to turn the instrument out of 
the required position. 

This does not take into account the action of the water on the keel plate, which produccs a 
couple of small moment tending to raise the tail of the instrument; but this tendency is casily 
corrected by giving a slight inclination apwards to the 
horizoutal plate of the tail, which calls into uction a couple aneer 
of equal moment in the opposite dir ction, and thus the 
axis of the instrument is kept in the direction of the 
stream. 

The cylinder is set in rotation, or stopped, by operating 
on the spring which is fixed tu the fiame and partly em- 
braces the cylinder. A light cord attached to the spring 
passes, side by side with the cord which suspends the 
instrument, to the hand of the operator; by raising the 
cord a few inches, until it is tight, the spring is lifted and 
the cylinder is released, and when the cord is let go the 
spring is set free and again engages the cylinder. It is 
convenient to pass this cord through small rings uyon the 


J 





main cord at intervals of 1 ft.; thus all chance of the , ae eee 
stream lifting the spring is avoided, and the rings serve to ses 
measure the depth to which the instrument is lowered. a 


ee is set in motion, when free, by the action of the running water on the screw blades 
xed tu it. 

In the instrument, Figs. 1758 and 1759, the recording mechanism is placed inside the rotating 
cylinder, which is water-tight and contains a strip of glass so placed that the mechanism can he 
clearly seen through it. In other instruments the mechanism is enclosed within a water-tight tube 
of glass, which slides in and out of the rotating cylinder. The tube is closed by two brass discs 
connected together by a thin steel spindle, the axis of which coincides with that of the tube and 
cylinder; this spindle is screwed at its ends into the dises, by which meane they are drawn close to 
the ends of the glass tube, and the joints are made water-tight by thin rings of leather. When the 
cylinder containing the glass tube is set in rotation, the small steel spindie also revolves about its 
own axis. From this spindle is suspended a emall rectangular brass frame, having holes nt the 
ends through which the spindle passes. The frame contains a simplo train of wheels connected 
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i worm-wheel with an endless screw upon the spindle, the centre of gravity of the frame and 
wheels being below the axis of the spindle; consequently, when the spindle revolves the frame 
remains at rest, or oscillates very slightly, and motion is set up in the train of wheels, and the 
revolutions of the cylinder are recorded by graduated dials revolving with the wheels. There is no 
stuffing-box, stiff joint, or bearing, in any part of the instrument. The resistances of the working 
parts are extremely small, and the cylinder may be made to revolve with a velocity much greater 
than that duo to any running water without feur of the suspended frame tripping or turning over. 
The rotating cylinder being hollow and water-tight in some instruments, and containing a water- 
tight glass tubo in others, is supported by the water to the extent of the weight of the water 
displaced, the difference between its weight in water and in air being the weight upon the 
bearings. This resulting weight is less than 1 oz. in some of the lighter instruments, and in 
the heavier instruments, containing the glass tube, it gives an average pressure on each bearing 
of about 5 oz.; and as the bearings are less than ;, in. in diameter, the frictional resistance which 
they offer to the motion of the cylinder is extremely small. Moreover, the instrument is far more 
sensitive to the action of running water than would at first appear, because the weight of the 
rotating cylinder and its contents is twice as great in air as in wuatcr, being on an average 10 oz. in 
water and 21 oz. in air. 

The friction of the internel mechanism within the glass cylinder is constant and wholly 
unaffected by the velocity of the stream. This mechanism is lubricated by oil, which seldom 
requires to be renewed. 

The friction on the front external bearing is also constant, as this bearing only supports one end 
of the cylinder and sustains no thrust; the weight upon it is about 6 oz. The friction on the back 
bearing, which also acts as a pivot, is the only variable friction in any working part. This pivot 
has to sustain the thrust sauaed: by the action of the running water on the screw blades only, there 
being no thrust due to the running water on the front cnd of the cylinder, because that is protected 
by the solid ogival head which forms the front of the frame. Thus the only variable friction is that 
due to the pressure on the back pivot. The moment of the resistance duc to this friction is propor- 
tional to the product of the pressure and the radius of the pivot. This radius being less than 54, in., 
while the effective radius of the screw blades is not far short of 2 in., the ratio which this moment 
of resistance bears to the driving moment caused by the action of the running water on the sercew 
blades is extremely amall, and consequently the variable resistance of this pivot will not be sensible 
in practice; thus the friction of the working purts is fur all practical purposes a constant quantity. 
The besrings upon which the cylinder rotates are the only bearings exposed to water. They are 
made of steel, nickel-plated, and ure lubricated by the water in which the instrument works. 

The rate of the inatrumcent was obtained by drawing it several times through still water, fora 
known distance, at different velocities, for which purpose it was attached to, and underneath, a float 
about 6 ft. in length. By comparing a number of results obtained in this way the formula 


V=1°2R+Q, 


was arrived at, where V is the velocity of the instrument through the water in feet a minute, or 
the velocity of the water with respect to the instrument; R the number of revolutions of the 
eylinder a minute, and Q a quantity which vanishes when HK is equal to or greater than 60, and 


increases, ag 28 diminishes, in the ratio of 1 to 5, the general value of Q being esi 
~. Vs pen4 C= — 1P2R4+12—-2R=R 4+ 12, 


for valucs of R less tt.an 60, and 
V=i1l2R 
for values of R greater than G0. 

From this it follows that when the velocity of the stream is 12 ft. a minute, the rotating 
cylinder is bordering upon motion, its moment of inertia being just balauced by the moment of the 
force duc to the action of the ranning water on the screw blades. 

The instrument will not measure a smaller velocity than 12 ft.a minute when it is suspended 
from a buat at anchor, or from a fixed platform; but smaller velocities may be measured by it 
if drawn, with a known velocity, against the current. ‘Thus, if the instrument be drawn with 
: velocity of 20 ft. a minute against a stream whose velucity is V, and the number of revolutions 

e l4, 
20 + V = 14 + 12 = 26, and.:. V = 6. 


In this way very small velocities may be measured. 

The current meter, when in use, 1s always drawn back by the stream through a small distance, 
from the vertical line passing through the point of suapension, the amount increasing with the 
velocity of the stream and the depth to which tho instrument is immersed. This distance is 
greatest when the rotating cylinder igsat reat, because the screw blades, being then fixed, offer 
greater resistance to the water. When tho cylinder is set free, by raising the spring, the resistance 
is diminished, and the instrument advances through a small distance to meet the stream. This 
advance will tend to increase the number of revolutions of the cylinder in a given time, but on the 
other hand, it is equivalent to a momentary quickening of the stream, which helps to overcome the 
inertia of the cylinder and to set it in full rotation quicker than would otherwise be the case. 
But the greatest crror which could arise from this advance of the instrument is extremely small, 
compared with the whole number of revolutions made in a given time; by allowing the instrament 
to remain some minutes under water, this amall crror is distributed over the whole number of turns, 
and becomes practically inappreciable. The vertical depth of the instrument below the surface 
is also affected by the distance through which it is drawn back by the stream, but this error in the 
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depth would be only a small fraction of the horizontal distancc, and consequently it would not be 
necessary, even if it were possible, to take it into account. 

To use the instrument, tho stirrup is put back upon the frame and the latter raised to the level 
of the eyes, the tail being held with the right hand, and the pointed head with the left. The dials 
will then be seen through the glass, and their reading must be taken down. The instrument is 
next to be lowered into the water, started and stopped at known instants by the spring, then 
drawn up out of the water, and the reading taken again. The difference between this and the 
former reading will give the number of revolutions in the time observed. In Fig. 1762, the frame 
Aetna contains the mechanism is shown detached from the cylinder, the reading of the dials 

ing 82,705. 

The dials will record 100,000 revolutions of the cylinder, after which the same reading will 
recur. This number of revolutions is equivalent to 120.000 ft., or more than 22 miles. Thus tho 
instrument might be left under water for eleven hours, in a stream running 2 miles an hour, before 
the dials would go through a complete period ; and even if the period were overrun, & comparison 
of the readings, with an approximate estimate of the velocity of the stream, would immediately 
reveal the fact. 

An important characteristic of this current meter is the rapidity with which it can be usod. 
A velocity at any depth down to 20 ft. can be taken with ease in five minutes, allowing the 
instrument a run of fuur minutes under water; in other words, only 20 per cent. of the whole 
time is required for observing and recording the instrumental readings. By using two instruments 
together the time can be still further economized, and each instrument will remain a longer time 
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In considering the mechanical principles on which the current meter is constructed, if A B, 
Fig. 1763, represents the axis of the instrument, A being the point of the ogival head, and B the 
extremity of the tail, and C its centre of 
gravity, BC is about three times the 
length of A C. 

The forces which act upon the instru- 
ment are: W, its weight in water; R, the 
resistance which it offers to the stream; 
and P, the pull upon the stirrup, which 
inclines forward through some angle @ 
from the vertical. 

These three forces, P, W, and R, are in 
equilibrium at the point C. 


-°. P cos. 6 = W, and P sin. @ = R. 


The position of the axis A B is mani- 
festly one of stable equilibrium when in 
the direction of the current; for if it be 
displaced about the point C, the action of 
the current will restore the axis to its 
former position. An increased velocity in the current increases R, and, therefore. both P and @. 
This increase of @ can be prevented, when desired, by stspending a weight from the two ends 
of the stirrup. 

Let W’ be the effect of this weight in the vertical direction, then the former of the above 


equations becomes 
W + W' =P cos. 6. 


Thus-6 may be made as small as desired by sufficiently increasing W’, 


ORES, Macuixes AND PROCESSES EMPLOYED TO Dress. 

In dressing the tin ores of Cornwall, the object is to separate the ore itself, amounting to 
only from 1 to 2 cent. of the whole stuff raised, from the large proportion of foreign mineral 
matter with which it is associated in the lodes. The ore of tin is a peroxide, which, when pure, 
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contains 78°6 per cent. of metallic tin and 21:4 per cent. of oxygen. The impurities with which 
it is associated aro mostly quartz, iron pyrites, commonly called mundic, yellow copper ore or 
copper pyrites, arsenic, sulphur, cobalt, and wolfram. The specific gravity of these mincrals is 
shown in the following table, which is particularly interesting in consequence of the circumstance 
thnt the principle of dressing the ores consists, mainly, in separating the particles by taking 
advantage of their difference in specific gravity :— 


Specific gravity. Specific gravity. 
Sulphur...) ww we wee 2083 Arsenic 64 ue vet ; 
Quartz ie. tes ee re ew, 00 Cobalbss... 26. Se veg, G88. 28s 5°00 
Copper pyrites ..  .. 2. we = 4°25 Peroxide of tin... .. 6°50 tv 6°90 


In... pyrites, or mundic ..  .. 4°90 Wolfram .. «6 we 7:00 to 7°50 


The stone that has been ragged and spalled is ready for the next process of stamping, In which 
it is crushed by stamps toa tine powder. Tho ordinary stamps, already described on pp 273 and 
2527 of this Dictionary, are arranged in scts of four heads each, each cam shaft lifting sixteen heads or 
four sets ; the number of heads depends upon the extent of the mine, and in some there are as many 
as twenty-five sets or one hundred heads, The disadvantage in the action of these stamps is that 
they produce a large proportion of slime, or material so very finely pulverized that much of it 
remains permanently mixed with the water throughout the subsequent process of separation, and 
thereby gets carried away as waste, though containing tin ore. ‘The production of slime by the 
stamps is in consequence of their slow action allowing much of the pulverized material to settle 
down in the coffer and bceeome further crushed tu an unnecessarily fine powder, instead of pavsing 
out at once through the yrates; and a quicker speed than fifty to seventy blows a minute cannot be 
obtained with the height of fall of these stamps. oe, a 

Figs. 1764 to 1767 show Husband’s pneumatic stamps, in which this difficulty has been nict, 
by an ingenious arrangement for greatly increasing the rapidity of the blows, by the use of an air 
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spring. The stamp head ia not lifted 
direct, but is attached to a piston H 
working in an air cylinder K; and this 
cylinder has a reci pepaane motion given 
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tu it by a crank shaft, through a forked 
connecting rod that is coupled te trun- 
nions upon the cylinder. When the 
cylinder is raised a the crank, tho air 
below the piston is compressed, and the stamp is thrown ‘up; and on the erank turning the 
centre, the air above the piston is compressed, and the stamp is driven down with a velocity 
considerably greater than that due to gravity. The stamp head and piston rod, weighing together 
nearly 3 ewt., are by this means made to bavo a full of about 16 in., with a stroke of only 10 in. 
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in the crank, and a speed of 150 blows o minute, in comparison with a fall of only 10 in. in the 
ordinary stamps, and a maximum speed of only 70 blows a minute. <A ring of small holes is 
made all round tho cylinder immediately above and below the centre position of the piston, as 
in Fig. 1764, so as to ensure both ends of the cylinder being filled at each stroke with air at atmo- 
spheric pressure. A continuous stream of water is made to flow through the hollow piston rod, for 
the purpose of preventing risk of heating by the compression of the air in the cylinder ; this water 
is discharged through small holes at the bottom of the piston rod, Just above the stamp head, and 
serves as part of the supply of water for the stamping operation. The main portion of the wator 
supply to the stamp head is delivered in a circular jet, under a pressure of several feet head, upon 
the outside of the piston rod, where it passes through the cover of the coffer, Fig. 1767. In order 
to prevent the unequal wear of the stamp head, that would arise from the supply of fresh uncrushed 
stone being on one side only, an arrangement is made for turning the head round into different posi- 
tions at regular intervals. This is done by a horn L fixed on the piston rod by a set screw, und 
working betwecn two vertical guide bars, Fig. 1766; and about once a day the position of this horn 
is shifted so as to turn the piston rod partly round, and cause the stamp head to wear in a fresh 
place. These pneumatic stamps are erected in pairs, and stamp from 8 to 10 tons a head a day, in 
comparison with } to 1 ton a head a day, the work of the ordinary stamps; the comparative con- 
sumption of coal a ton of ore stamped is also in favour of the pneumatic stamps. They have an 
important advantage in portability ; and in the case of starting new mines, they ean be readily 
transported from one point to another if found desirable, requiring but little foundation. 

The form of buddle generally used in the first stage of the buddling process is shown in 
Figs. 1768 and 1769, and is known as the Convex or Cuntre-head Buddle. It consists of u circular 


pit, about 22 ft. diameter 
and from 1 to 1} ft. deep at 1763. 
the circumference, with a 
raised centre 10 ft. diameter, 
and a floor falling towards 
the outer circle at a slope 
of about 1 in 30 for a length 
of 6 ft. The stuff is brought 
to the centre of the buddle 
in launders A, into which 
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a revolving pan B carrying SS SESS BASSAS PT Ta a 
a number of spouts, so as to 
spread the liquid stream ve ry 
uniformly in a thin film, 1769, 
which flows gradually out- 
wards over the whole of the 
sloping flour to the cireum- 
ference. In its passage duwn 
the slope the material held 
in suspension by the water 
is gradually deposited ac- 
cording to its specific gravity, 
and the tin ore being the 
heaviest is the first thrown 
down, and is consequently in 
greatest proportion towards 
the centre of the buddle. 
The outfiow C for the waste 
and slime from the circum- 
ference of the buddle is reyu- 
lated by a wood partition 
perforated with horizontal 
rows of holes, which are suc- 
cessively plugecd up from 
the bottom as the height of the deposit in the buddle rises. To faciliate the uniform spending of 
the stuff over the floor of the buddle and prevent the formation of gutters or channels in the deposit 
& set of revolving arms D ure employed, from cach of which is suspended a BWEeep Carrying a number 
of brushes or small picces of cloth, and these being drawn round on the surface of the vue Wtehe 
keep it to an even surface throughout; the distributing spouts and sweeps are driven at about 
five or six revolutions a minute. Figs. 1770 aud 1771 are of Martin’s buddle, in which the 
stream of stuff supplied to the buddle is itself made to drive the revolving centre pan and sweeps 
the supply launder A delivering the stream upon a small water-wheel FE geared to the pan B = 
As the deposit accumulates in the buddle, the awerps are successively raised to a corresponding 
extent; and the poste is thus continued until the whole buddle is filled up to the top of the 
centre cone, which usually takes about ten hours. The contents are then divided into three con- 
centric portions, each about a third of the whole breadth, which are called the head, middle and 
tail ; the head, or portion nearest the centre, contuins about 70 per cent. of all the tin in the ‘stuf 
supplied to the pe the middle nearly 20 per cent., and the tail, or portion next the cireumfer- 
sas ae only a trace; the remaining particles of tin are carried off by the water in the state 
The heads from scveral buddles are then shovellcd out, and thrown into a trough or launder, 





into which a stream of clear 
water flows, of sufficient quantity 
to convey tho stuff to another 
buddle of different construction, 
the Concave Buddle, Figs, 1772 
and 1773. Thestuffis supplied 
at the contre of the buddie as 
before, but is conveyed from 
thence direct to the circum- 
ference, by revolving spouts 
that deliver it in a continuous 
stream upon «w circular ledge, 
from which it flows uniformly 
over the conical floor, falling at 
a slope of about 1 in 12 towards 
the centre ; it is kept uniformly 
distributed by means of revolv- 
ing sweeps, a8 in the previous 
buddle. The greatest portion 
of the tin is in this case deposited 
round the circumference of the 
floor, and the slime and waste 
flow away through rows of holes 
in the sides of u centre wall; 
as the depth of deposit increases, 
the level of the overtlow is gradu- 
ally raised by plugvzing up these 
holes in succession, 

Figs. 1774 und 1775 show 
an improved construction of 
Coycave Buddle by MKdward 
Borlase, which has a mechanical 
arrangement for adjusting the 
level of the central outflow, by 
raising a ring R that slides upon 
the centre vertieal shaft, as 
shown in the detail view to a 
larser scale. By this means the 
height of the outflow ix adjusted 
more gradually and uniformly 
than by the plugged holes in 
the ordinary bnddles, and there 
is less liability to waste by gut- 
tering. The sliding ring R is 
raiscd by hand by the rod I and 
lever L provided with the double 
adjusting nuts N; and the arms 
of the sweeps D being supported 
upon the rising ring are kept 
constantly at the proper Weient 
by the same adjustment. A 
mechanical agitator Mat the 
head of the feeding launder stirs 
up the stuff before centering the 
buddle, 

Another form of buddle is 
the Propeller Kuife Baddle, 
Fivs., 1776, 1777. It consists 
of a cylindrical frame, 04 ft. long 
and 6 ft. diumeter over all, ro- 
tating on u horizontal axis, and 
carrying a series of scrapers or 
knife-blndcs arranged in spiral 
lines round ita circumference, 
which revolve close to a cylin- 
drical casing lined with sheet 
iron, but without touching it; 
the casing forms the bottom of 
the buddle, and extends rathor 
leas than one-quarter round the 
circumference of the revolving 
frame, as shown in Fig. 1777. 
The tinstuff is supplied at one 
end of the buddic from the 
hopper A, and is made to tra- 
verse gradually along the whole 
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length to the other end by the rit. 
propelling action of tho revolving == 
nives, which are fixed obliquely, 
and follow one another in spiral : 
lines round the cylindrical : ‘tua: iene Sees 
frame. A_ gentle stream of aw. 
clear water flows down over the aera 
whole curved surface of the 7 
bottom of the buddie, and the 
minerals are gradually propelled 
to the farther end, where they 
drop over the edge into the re- 
ceptucle E. The machine is 
driven at about 20 revolutions a 
minute, giving the knife-blades 
a speed of about 370 ft. a minute. 
The action of this machine is 
found to be very perfect, the 
whole of the stuff being con- 
tinually turned over by the knife- 
blades and = push upwards 
against the descending stream oo 
of water, which washes out the ~ 
lichter particles; the result is an 
unusually complete separation of 
the tin ore, in a single operation, 
with only a small proportion of 
loss in the waste. ‘The contents 
of the second waste oe D, are = _ 
s0 poor as not to pay for any | ie oe oa _ : 
further dressing; and the waste Hy) ss Sat gl 
in the first hutch C, containing a Tht Se ert ee 
small proportion of slime tin, is Y 
passed through the buddle a 
sccond time. ' 

The process of buddling is 
repeated three or four times in 
successive buddles, for further 
separating the foreign matter 
from the tinstuff, and the latter 
is then subjected to the process 
called tossing. It is put intoa 
tub or kieve, about 34 ft. diameter 
aud 24 ft. deep, and having been 
mixed with an equal bulk of 
Water is then stirred up with a 
shovel continuously in one direc- 
tion until the whole of the stuff 
is ina state of motion; the object 
is in this way to get rid of the 
finer particles of foreign matter, 
the buddling having separated 
all the heavy matrix. The stuff 
then undergoes the process called 
packing, which consists in tap- 
ping the side of the kieve with 
a heavy iron bar continuously for 
a period varying from a quarter 
of an hour to an hour; the bar 
is held vertically with one end 
resting on the ground. and with 
the uppcr end repeated blows of 
about 100 a minute are struck by 
hand against the edge of the 
kieve. This keeps up a constant 
gentle vibration in the contents 
and facilitates the separation of 
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the tin ore, which gradually md "i: oe 

settles down to the bottom of the s. eS | 
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plete regularity in striking tho blows for any length of time required. When the packing is finished, 
the upper portion of the stuff in the kieve is skimmed off and buddled over again, and ‘the 
remainder, now called whits, is taken to the burning house to be calcined. The kieve is com- 
pletely cleared out before being refilled with a fresh charge. 

The ore-dressing machine of ‘I’. Borlase, shown in Figs. 1778, 1779, consists of a slowly 
revolving annular table, 24 ft. diameter and 6 ft. wido, placed at an inclination of 1 in 12 to the 
horizontal. The stuff to be 
dressed is supplied on the 
upper side of the table by a 
fluted spreader A, and the 
heavier or richer portion is 
depositea at once close to the = 
circumference, while the poorer : SS 


stuff is carried to the inner part SRV QW 
Pte \\\\\\ 


of the annular table, and the SAWS Xs — ~ 
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waste runs off over the inner 
edge into the circular trough 
B underneath. A gentle stream 
of clean water supplicd at C, 
immedistely adjoining the 
spreader A, cleans tho rich ore 
deposited near the circum- 
ference of the table, washing 
off into the centre space any 
of the waste that may have 
adhered to the table. At the 
Jower side of the table jets of 
pure water wash off first into a 
receptacle D the outer ring of 
rich stuff, which extends about 
2 ft. in from the outside ridge, 
and afterwards the inner and 
~orer portion, called craze, 
into a second receptacle EK. 
The table makes one revolution 
in about three minutes, and in 
the half revolution from the 
upper to the lower side of the 
table, it is found that stuff 
originally containing I per 
ecnt. of tin ore is brought up 
to as much as 15 per cent. 1779. 

The richest stuff or white, lying . 

at the head of the first strip or tye D, is fit to bo taken direct to the calciner, without requiring 
further dressing. 

The next process is roasting or calcining the partially dressed tinstuff or whits, for the purpose 
of getting rid of the arsenic, sulphur, and other volatile impurities, and also to facilitate the subse- 
quent removal of other foreign materials. T'wo kinds of calciners are now in use. The older one, 
known as Brunton’s Calciner, consists of a revolving table, about 12 ft. diameter, enclosed in a shallow 
reverberutory furnace; the table is slightly conical in shape, its surface sloping downwards from 
the centre to the circumference. The tinstuff delivered on the centre of the table through a hopper 
in the rvof of the furnace is exposed to the flame passing through the furnace, and is continuously 
stirred by a set of scrapers fixed in the roof whilst the table rotates very slowly below them, making 
only about six revolutions an hour. The serapers being set obliquely shift the stuff gradually from 
the centre to the circumference of the table, where it falls off, and is collected in a chamber beneath. 
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_ In Figs. 1780, 1781, is shown Oxlands and Hocking’s Calciner, which is now adopted at several 
mines. It consists of a long wrought-iron cylinder As lined with firebrick, 3 ft. inside diameter and 
32 ft. long, placed at an iuclination of 1 in 16 to 1 in 24, according to the nature of the stuff to be 
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treated, nnd supported upon rollers, upon which it is made to revolvo at a very slow oe of six or 
eight revolutions an hour. The tinstuff or whits is supplied into the higher end of the cylinder 
through a hopper fitted with a feeding screw B, and gradually traverses the length of the cylinder 
to the lower end, where it falls into a chamber C, from which it is removed for further treatment. 
The heating furnace D opens into the lower end of the cylinder, and the volatilized arsenic and 
sulphur are carried off by a flue E frum the upper end; this flue is extended to a considerable 
distance, and divided by baffle walls into a succession of chambers, in which the arsenic is deposited 
and periodically collected. The time taken for the stuff to puss through the calciner is from three 
to six hours. The firebrick lining of the ealciner is constructed with four longitudinal ribs pro- 
jecting internally, as in the transverse section, Fig. 1781, and extending two-thirds of the length 
from the lower end, Fig. 1780; in the revolution of the calciner these have the effect of continuously 
stirring the stuff und exposing the whole of it to the heat. In this calviner the stuff being supplied 
at the upper end, farthest trom the heating furnace, is exposed first to the lowest heat; and after- 
wards to a gradually increasing heat, as it works its way along to the hotter end of the calciner; 
by this means the most advantageous effect is obtained from the fuel consumed in the furnace, 
The stuff comes from the calciner in the state of a fine dry powder, which is cooled with water and 
tuken again to the buddle; and the whole of the previous processes of buddling, tossing, and pack- 
iny are again gone through and repeated a number of times, according to the quality of the ore, 
until this is finally in the condition ready for smelting ; and it is then sold as black tin. 

The whole process of dressing the tin ore for smelting occupies usually frum cight to ten days, 
including the stumping; and the result obtained is an increase iu the proportion of pure oxide or 
black tin from 1} or 2 per cent. in the tinstone raised from the mine, up to 95 per cent. in the 
finally prepared ore that is suld for smelting. As tin dressing is only a process of separating by 
mechanical precipitation, a very small proportion of saleable produce from the large mass of mineral, 
through which it is disseminated in minute crystals, it is easential that the greatest precautions 
should be taken to prevent any waste of the valuable product. For instance, iu buddling, the 
oecurrence of any gutters or channels, down the sloping surface of the stuff in the buddles, would 
immediately cause the larger and more valuable grains of tin ore that are first deposited at the top 
of the slope, to be carried away with the water and slime. ‘lhe grains of tin which do pass off with 
the slime, even from the best buddles, are very tine and light; and notwithstanding all the care 
that is taken in dressing the slimes, large quantities of tin ore are washed away from the dressing 
floors of the mines into the numerous streams and rivers of the district. The slimes are consequently 
intercepted at successive works on a stream or river coming from a series of mines, and large quantities 
of tin are collected by treating them in hand frames and concave buddles ut a very small expense, 
the stream itaelf working a small water-wheel which drives the buddles, while the frames are 
attended only by a few children. 

A simple form of self-acting slime frame or rack is that in Figs. 1782, 1783, by means of 
which the attendance requisite is 80 far reduced that one operator is able to uttend to twenty 





frames. The launder A, bringing the slimes from the buddles, passes between two rows 
of the slime frames, set back to back, and the delivery to each frame is distributed by a fluted 
spreader B, as shown in the plan, Fig. 1784, and then flows uniformly in a gentle stream over the 
surface of the frame, which is at a slope of 1 in 7, and is divided at the middle into two halves by a 
d-in. step; the waste flows off at the bottom of the frame into the launder C. The stuff deposited 
on the frame is then flushed off at successive intervals of a few minutes cach, by a sclf-acting 
contrivance, consisting of two rocking troughs D D, which are gradually filled with clear water from 
a launder E; when full they overbalance, and discharge their whole contents suddenly upon the 
top uf each half of the frame. The tipping movement of the troughs open at the same time the 
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covers of two launders F F, one at the foot of each half of the frame, into which the stuff deposited 
on the frame is washed by the discharge of water, the two halves being kept separate, because the 
greater portion of the tin ore is re- 
tained on the upper half of the 
frame. ‘The readjustment of the 
whole into the original position is 
effected by a cataruct G, of simple 
construction. 

The difficulty in dealing with 
tho slimes arises from the circum- 
stance of the grains of tin ore being 
an minute compared with the par- 
ticles of foreign matter with which 
they are mixed, that they are car- 
ried xway in suspension by the 
water, in consequence of their ex- 
treme absolute lightness, although 
their specific gravity is greater than 
that of the larger particles of 
foreien matter they are mixed with. 
For the purpose of reducing these 
larzer purticles of foreign matter 
to the same size as the tin grains, 
and therehy enabling the latter to 1785. 
be separated by the ordinary dress- ~ 5. 
ing processes with water, several ; 
different machines called pulverizers N 
have been introduced, having either <== 


n rociprocating or a rotary action ; ARRNRRBWUK BIR HUB W RHR HE EEK BRBHEREE 











these have been found very suc- 
cessful in reducing the particles to 
a uniform size, and thus affording 
the means of utilizing the waste, or 
roughs as it is called, which was 
previously thrown away berause 
the cost of reducing it by re- 
stumping was greater than the value 
of the tin ore obtained by sucb a 
process. 

Figs, 1784 to 1786 are of 
Dingey's pulverizer. It consists of 
a shallow pan A of 6 ft. internal dia- 
meter, having vertical sides fitted 
with a series of grates, through 
which the pulverized material is 
delivered. Four annular grinding 
dises or runners BB, 24 ft. dia- 
meter and geared together, revolve 
upon the bottom of the pan at a 
high speed of 200 revolutions a 
minute; and the pan itself is made 
to revolve slowly, at about 4 or 
5 revolutions a minute, so as to 
avoid any tendency to wearing in 
grooves. Tho wearing surface of 
the bottom of the pan is a separate 
cast-iron plate, with » number of 
holes in it, Figs. 1785, 1786, form- 
ing shallow recesses, in which the 
Btuff to be pulverized is retained 
whilst the grinding runners act 
upon it. The stuff mixed with a 
stream of water is supplied by a 
launder C into a central annular 
trough D, Fig. 1785, from which it 
is delivered by spouts into the centre 
of each of the grinding runners ; 
and having been ground by passing 
under the runners, it escapes with 
the water through the gates in the 
sidcs of the pan into the external 
trough EK, whence it is conveyed 
direct to the buddies. The shoes of the grinding ranners as well as the bottum of the pan, 1 
made separate castings, 14 in. thiok, so as to be readily replaced when required ; at F, Fig. 17: 


is shown a plan of one of the runner shoes. The space between the grinding faces 2 the shoes 
3.N 
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and the bottom of the pan, is adjusted by the hand regulating screws and levers G G supporting 
the runner spindles. The weight of the whole machine is about 4 tons, and it will grind from 
15 to 20 tons a day of 24 hours, according to the class of stuff. ; 

Copper ore is raised in the same manner as previously described with regard to tin ore, but it 
presents a marked contrast to tin ore in being very much less finely disseminated throughout the 
lodestuff with which it is associated ; the coarser spots or patches in which: it is met with necessitate 
consequently a very different treatment from that adopted in dressing tin ore. The most abundant 
ore of copper is copper pyrites, which is a sulphide of copper and iron, containing, whon pure, only 
84°6 per cent. of copper, with 30°5 per cent. of iron, and 3£°9 per cent. of sulphur. The other 
principal ores of copper are the red, black, grey, purple, and green ores, The red and black ores 
are oxides, containing, when pure, 89 and 80 per cent. of copper respectively; the red, which is 
the more common of the two, is quite brittle, and is easily pon up intoared powder. Grey 
copper ore is a sulphide, containing, when pure, 80 per cent. of copper ; it has much the appearance 
of metallic lead, but may be broken up by a hammer. Purple copper ore is a sulphide, but not so 
rich as the grey, part of the copper being replaced by iron; when pure it contains nearly 70 per 
cent. of copper. Green copper ore, or malachite, is a carbonate, and is much less common than any 
of the others; it contains, when pure, 57 per cent. of copper. None of these ores of copper are very 
hard, all being readily scratched with a knife. 

The ore as raised from the mine is tipped into spaces called slides, in quantities averaging from 
5 tu 20 tons in each slide. The larger stones having been separated, und ragged or broken up into 
smalk r pieces by hand hammers, the whole is passed through two revolving riddles of different mesh, 
and then hand-picked and sorted into three qualities—prills, or best; dradge, or second quality ; 
and halvyang, or leavings. As much of the best as will pass through a riddle of 3-in. mesh is taken 
at once to the pile ready for market, and the rest goes to the crushing rolls to be crushed down 
smaller. The second quality has to undergo buth crushing and jigging. See p. 2535 of this 
Dictionary. 

An improved form, Collom’s jigger, Figs. 1787, 1788, is in use for washing stream tin, and 
appears to be equally applicable to copper dressing; it is in extensive use fur dressing lead and 
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other minerals in Wales and in America; like all other jigging machines, it is only available for 
dressing stuff from which the slimes have been previously extracted by a proper separator. The 
jigging action is produced by two pistons G G, fitting loosely in square tranks, and having a very 
short vertical stroke of from 4 in, to 1 in.; coarse ore requires the longest atroke. Each piston is 
struck down alternately by the blows of a rocker H, and raised again by a spiral spring upon the 
piston red, which brings it up against an adjustable stop J; the rocker H is actuated by a crank 
making about 120 revolutions a8 minute. The space uuder each piston is in communication with 
one of a pair of hutches K K as in the transverse section, Fig. 1787; and on the top of each hutch 
is fixed a fine sieve of brass wire, upon which is spread a bedding of coarse ore in a layer about 
Zin. thick. The stuff to be jigged is supplied through a launder L with a continuous gentle 
current of watcr, and is delivered upon one end of the sieve through a distributing grate M: the 
sieve is sect with a slight fall of about 1 in 140 towards the opposite end. The hutches are kept 
coustantly filled with a supply of clear water, under a preasure of 2 ft. bead or upwards by the 
pipe P, and there is a constant overflow of water from the lower end of the sieves, car ing away 
the lighter stuff that is separated by the jigging process. The pulsating action of the pistons 
gives a jerking motion to the water under the sieves, driving it up through them, and producing 
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the same effect in separating the stuff upon the sieve as in the ordinary jigging machines, where 
the siove itself is jerked up and down in the water. The lighter purticles ure thus lifted and 
gradually carried off in the stream of water flowing over the sieve, leaving the heavier rich stuff to 
settle down grudually through the sieveinto the hutch below, from which it cither passes off 
continuously through a regulating 
hole at bottom, or is discharged 
at intervals if tho supply of water 
is scarce. In order to prevent 
accumulation upon the sieves of 
any stutf which may be too light 
to pus. through the bedding on 
the sieves, yet too heavy to be 
carried over the lips of the hutches 
by the overflowing stream of 
water, ragging gear R is in some 
cases provided, consisting of a row 
of holes closed by taper plays 
fitting into conical seatings; the 
height of the plugs is udjusted 
by thumb screws so us to regulate 
the area of the openings accord- 
ing to the quantity of stuff to be 
got rid of, which never amounts 
to much; this falls through into 
a separate compartment S of the 
hutches, and passes out through 
abole at bottom. A second com- 
plete jigging machine is fixed im- 
mediately in front of the tirst and 
ata few inches lower lever, by 
which the overtlow from the first 
is reeeived and worked over ua 
second time ina similar manner. 
In this jigeger a very complete 
separation of the ditferent quali- 
ties of ore is effected by an en- 
tirely self-acting process, and with 
avery amiall proportion of loss in 
the waste. Inthe use of the jiecer 
for separating the tin from the 
grave) and sand in whieh it 1s 
found, almost the whole of the : 
tin ore contained in the sand, be- i : 
comes deposited in the upper pair 

of hutehes, the contents of which a 
are then worked over in the pro- 5 iy 
peller knife baddle ; from the | 4 
snd deposited in the lower pair 
of ohutches some inferior ore 
Which requires stumping is) ¢x- 
tracted in ano ordinary strip. 
There is a large amount of slime with the tin sand raise Lat these works, but itis separated irom 
tho sand before the stuff passes on to the jiggzers, by a slime separator attached to each jJigger. 
The sand that passes off through the ragging gear requires to be stamped to a finer size, and is 
then washed over again, 

In the cushioned crusher of T. A. Blake, Fig. 1789, made by the Blake Crusher Co., Connec- 
ticut, a three-sided framework of cast iron, with broad flanged base, holding the movable jaw in 
suspension, forms the frout part of the machine, between the upright convergent Jaws of which the 
stone is crashed. 

The jaw shaft is held in place by wrought iron or steel clamps C. which serve to take part of 
the strain due to crushing in the upper part of the jaw space, and also act as walls. In the 
Jower part of the frame, and on each side of it, are boles in the casting to receive the main tension 
rody which connect the front and rear parts of the mnuchine. ‘The rear part B is called the main 
togele block, and is also provided with holes for the tension rods R, corresponding to those in the 
frout casting. 

These two parts of the machine are connected by the main steel tension rods R, each provided 
With screw thread and nuts, by which their lopgths and the jaw opening are readily adjusted to 
crush coarse or fine, as may be desired. ; ; 

Tho front and rear castings are supported on parallel timbers, fo the under side of which are 
bolted the boxes carrying the main eccentric shaft, provided with fly-wheels and pulley. The 
timbers are thus made component parts of the machine, and tuke the transverse strain which comes 
upon the pitman connecting the main shaft aud the toggle joiut, placed in tho rear of the movable 
jaw, and betwevn it and the main toggle block. ; ; 

Between the broad-flanged bases of the front and rear castings, and the timbers on which they 


rest, are placed flat rubber cushions } to 3 of an inch thick. Every revolution of os shaft brings 
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the toggles more nearly into lino, and throws the swing jaw forward; it is withdrawn by the rod 
provided with rubber spring L.. In this way, a short reciprocating or vibratory movement 18 com- 
municated to the movable jew. 

It is evident that in this construction of the Blake stone crusher, while the principle of crushing 
between upright convergent jaws is the same us in the old machine, there arc many and great 
advantages over the old forms. 1t is sectional. 
The weight of the heaviest piece in crusher, 
size 15 x 9 in., is about 2400 lb. instead of 
nearly 8000. The rigidity inseparable from 
Machines with cast-iron frames, and which is 
the cause of frequent brenkayes, 1s completely 
overcome, and the longitudinal as well as 
transverse «trains, are brousht upon materials 
Which are strong and clastic as compared 
With cast iron. The rubber cushions, while 
offering suffiviently great resistance to com- : ! 
pression in case of the breakace of stone, or RH 
in doing the normal work of the machine, will, gation i 
i case of the Re peas intrusion ah "steel =e) =P 

ammers or anything of that kind, be cem- Ny O75 
pressed, and so permit the partial revolution \ YSZ 
of the fiy-whecl before coming to a full stop, wae 
thus relieving the machine of those nearly 
infinite strains to which those of the old 
form were subjected, and which resulted ; 
in breakage of important parts. ‘The toggles are long, and of equal length, and may be worn inde- 
finitely as compared with those in the old machine. The construction of the pitman is such as to 
admit of change of inclination of the toggles, and, consequently, of adjustment of the length of stroke 
of the movable jaw. The jaw opening can be varied between any working limits, by means of the 
nuts on the tension rods, and the machine be set to crush coarse or fine, as may be desired. The 
crusher, it is stated, can te run at a higher rate of speed, with sufety, than either of the old forms 
of crusher with cast-iron frames, and will, conseyuently, doa greater amount of work. ‘The manu- 
facturers state that while this machine is very much lighter than the old forms, it has at least 
double their strength. 

Blake's cushioned crusher has been repeatedly subjected to the test of a steel hammer being 
thrown between its jaws, when going at ax high a rate of speed as 300 revolutions a minute, without 
injury to or breakage of the machine. 

The pulverizing machine made by Jordan and Son, London, Figs. 1790 and 1791, which is very 
sirople, 18 formed of two castings which, when bolted together by their flanges, form a couple of 
circular chambers aa shown. The lower and larger chamber D is the crushing chamber, und it is 
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entere) from opposite sides by two short spindles, cach carrying within the chamber a set of four 
arma, and each provided at its outer end with o belt pulley. ‘The arms H H on these spindles extend 
to the full diameter of the chamber, and the arma of each set have their surfaces set at an angle 
of 45° with the plane of rotation, so that the opposed surfaces of the two sets are parnilol to each 
other. The two spindles are driven in opposite directions, and one of them ia provided with a worm 
which drives a short vertical shaft L, this shaft in its turn being provided with a worm M at its 
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upper end, by means of which it drives a spindle traversing the upper and smaller chamber already 
referred to. In this chamber works an automatic feeder by which the supply of materials to the 
crushing chamber is secured. 

The materials to be crushed enter the crushing chamber by the passage E, and are delivered 
through the channels F F, by means of the current of air which traverses the crushiny ehumber, 
This current of air is produced by the rotation of the arms H H, the air entering through openings 
in the sides near the centre of the chamber. By opening or closing these apertures the sirenuth of 
the current can be controlled, and the degree of fineness to which the materials are ground before 
delivery thus regulated. The discharge current is sufficiently strong to carry up th. crushed 
materials to a height of from 10 ft. to 20 ft. according to their finencss, the height of the delivery 
colutnn aleo regulating the fineness of the particles delivered, and different sizes being delivered at 
different levels if required. 

Pulvcrization of ores by attrition of the particles upon themselves, has been successfully carried 
out in the machine devised by Van Buren Ryerson, of New York, Figs. 1792, 1793. The principle 
involved in the reduction of ores by this machine is, that the ore particles are caused, by mechanical 
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means inducing a peculiar application of compressed air, to rotate violently, each upon its own axis, 
at the same time having a path of revolution about a common centre; and at a certain stage of their 
reduction into granulations, the size of which is regulated by the opening or closing of the discharge 
ports, thereby varying the pressure of wir within the case: the powdered material is discharged at right 
angles to the plane of velocity. This is accomplis hed 1793. 
with little wear to the machine, as the particles touch no 
part of the mechanism during their pulverization. This 
rotary movement of the ore particles is induced by a 
succession of cddics or reactionary air currents, In oppo- 
rition to the direction in which the particles at a hich 
velocity are moving, thereby causing the particles to be 
rubbed upon cach other, and reducing themsclyes to an 
impalpable powder. ; 
Reference to Fig. 1792 will show that the machine f_. 
comprises three circular metallic cases a, cach about 
83 ft. Vin. in diameter, discharging into one another through 
the pipes 4 at cither side of cach case. = = 
Within cach case is a revolving ss - iat aauaeee Cy 
having at its outer periphery the four beaters «the upper 
and front faces of lich are of the full width of the space between the inner sides of the case, the 
dise ¢ being of a thickness to secure strength and solidity. The outer fuce of each Pie : 
ratchet dressed, while the radial face is smooth, These dressings extend across the sn L mal 0 
the beaters, and are of uniform depth. The inner periphery of the case iP ah tae ae 
stationary ring of atecl ¢, which is dressed in the same manner as tho seat ee : i a ie 
This construction will more readily appear in Fig. 1795. The distance, therefore, re en - e 
outer faces of the beaters and the inner periphery of the case, varies alternately from three not eh 
of an inch to an inch and a half, from the apex to the base of cach two notches of the dressings, 
when directly opposite each other. . ; 
When the dist c ia revolved at a high rato of speed, causing a rotation of the central body teh air 
in the case, it produces n reactionary ettect upon the belt of air, lying between ea a o a o pti 
of the upper faces of tho beaters and the dressed surface of the inner periphery © ae ee gee 
use of the ratchot dressing on the inner periphery will now be understood. fa : ae au See 
grinding; but its purpose is to present a aucceasion of abrupt surfaocs, radial to aa ee es 
the belt of air revalves, which serve, Ey the impingement of this belt of air mp oe Sesinena oN 
up into whirlpools and eddies. These eddics of air, while cach revolves upon its on hae " ies 
a path of revolution about a fixed centre. This peculiar action of the oD a omer hte 
clearly in Fig. 1793, where the scrolled line represents the eddying character and direc 
current. : : i 
The ore to be reduced to powdor after having first been orushed fine in a ey on bd ne 
introduced through the feed-pipe f at the centre, at both sides of the firat case of the : 
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the instant the crushed ore enters the machine, it flies ontward in radinl lines toward the periphery 
of the ease, and is there caught up by the revolving kelt of air-eddies, nud each particle of ore is then 
rapidly reduced to powder by the violent attrition of the particles upon cach other. The pulverized 
ore is discharged at right angles to the plane of volucity through the port-holes y, and forward into 
the next machine, where the particles are still further reduced. ; 

The size of the granulations will depend upon the length of time that the ore-particles are 
retained within the case. The port-holes g are covered with the slide 4, in which are port-holes of 
-a like size and number, so that when this slide is moved backward or forward, the discharge of air 
is lessened or increased, and it simply rests with the discretion of the man in charge of the 
machine to regulate the size of the granulationa of the powdered material. ‘This feature of the 
machine is absolutely necessary, as it may often occur that the ore to be pulverized will be of 
varying degrees of hardness. : ; 

The second revolving disc moves with a greater velocity than the first, and the third with a 
greater velocity than the second. Thus there is the combined pressure from the first case, and 
suction from the one into which the material is discharged. The powdered material comes from the 
machine perfectly cool, ; 

The various metallurgical processes for the working of silver and gold ores depend upon having 
some other metal, generully mercury, lead, or copper, as un intermedinte product, in which the 
precious metals can be concentrated. ; 

Wet processes, such as Van Patera’s leaching process for silver and gold chlorination in California, 
where it is only applicable to gold ores, are used. It is necessary that the ores: so treated should be 
very finely crushed. and they generally come as an uccessory product from the amalgamation 
process. To be carried out cheaply the work should be done on a very large scale. Although sue- 
cessfil in a metallurgical way, the chlorination process is often not successful financially, owing to 
the impossibility of getting a suflicient supply of ore at all times. Up to this time (1879) it has 
only been applicd to the concentrates from gold mills. It cannet generally be used for the concen- 
trates of silver mills, because all the silver contained in them would be lost. 

The processes in use in the United States for the extraction of silver are; pan amalgumation, lead 
fusion.and fusion with copper ores. The first is applicable to ores containing very few base metals, the 
second toores occurring in galena, where the galena is in excess, and can be had in quantities; the 
third is applicable to ores carrying copper. which usually contain considerable gold at the sume time. 

The general arrangement of the mills is the same, exception heing made of the presence or 
absence of rousting. When roasting is done, the ore is crushed dry ; when it is not, it is crushed wet. 

About 25 to 30 per cent. of the Comstock ores is gold, the rest is silver; but in the bullion 
produced the proportion is somewhat higher, as the gold is more completely saved than the silver. 
Asa general thing, the richest ores are treated by dry crushing and roasting, and the poorer ores 
are crushed wet and directly treated by amalgamation, which is the Washoe process. 

The ore is delivered to rock brcakers placed at the highest level of the mill. Below the rock 
breakers, between them and the hatteries, the drying floor in dry crushing is placed. This floor is 





made of cast-iron plates, 36 in, by 42 in., ; 
flanged on the rides, so that the plates 198, 
nay overlap and still give an even floor. fa 
A flue from the roasting furnace runs a 
backwards and forwards under this floor, 2 


the partition walls of which serve as sup- : H 
ports for the plates. This floor is p'aced vot sir 
directly behind the stamps, and the ore 

is spread over it until dry, when it is 
charged by hand or automatically into the 
stamps, which are on the same level. 
Below the discharge level of the stamp, 

the reasting apperatua, if the ore is tu be 
roasted, is placed in such a position that 

the ore from the stamps can be dir- 
charged into them, or be carried by a 
Rerew conveyer or an endless chain to an 
elevator which discharges into hoppers 
containing a charge for the furnace, wien 

the ore ir to be roasted or chloridized, or 

both. The supply of ore is cut off from’ 

the furnace automatically, when the — 
hoppers ure fall. The speed of the {- 
elevator feeding the pulp into the hoppers 

is regulated by two sets of eone pulleys, = 
and may be made to vary from 40 to 300 | 
revolutions a minute. In front of the Cc 
furnace there is a brick or iron cooling 

floor, where the ore remains until it is 

cool enough to be charged into the pans. 

On a still lower level are the pang and 
catch-pits, if the mill is wet crushing, 
Aoi att ee scttlers, The power for the mill is generally steam, sometimes water, and 
eas ausaere a : A Seta a oe neat to the various parts of the mill by shafts above and 
Sate ae eas Ase = ind of machinery has its own independent line of shafting. The 
pore ays transmitted by belting. The power required to drive the pan js from three to six 
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pores pores according to its capacity. The power required to crush gnd amalgamate one ton of 
ore will vary from threc to five horse-power. 

The process of amalgamation is the same, the barrel process having almost entirely disappeared. 
The process of crushing is generally the same, and consists in the use of revolving stamps, the 
crushing being cither dry or wet according to circumstances, Silver ores, which can be amalga- 
mated directly, are generally crushed dry. The general outline of crushing is, first, to reduce the 
rock in a crusher to u certain size. It is then fed under stamps, and the slimes afterwards con- 
veyed to the pans. 

The Horn pan, Fig. 1794, has iron sides a, and a flat bottom, and also has a steam bottom, which 
is composed of a flat plate, upon which the pan is bolted. The space for the steam from the pipes 
mnis ade by the two hollows formed by the projections necessary for the sockets of the die c. 
The shoes and dics are fastened in the same way as in the Wheeler pan. The muller e is not, how- 
ever, fastened to the driver, but is caught in grooves, so that it moves only when the driver is 
turned in one direction, in the other it is loose. The height of the shoes and dies is regulated by 
two handwheels at the top of the shaft g. On the circumference of the inside of the pan, there is 
@ groove into which a scraper W is introduced, as in Fig. 1794. A scraper X’ is also attached to 
the inside of the muller, fitting into a similar groove there. ‘The shape of the wings is ditfercnt 
from that of the Whecler pan. A yoke u p, which carries the bearings for the vertical and horizontal 
shafts and the gear wheel ¢, is attached to the bottom of the pan. This yoke and the scrapers 
are the peculiarities of this arrangement. 

The Patton pan, Fig. 1795, is a combination of the Wheeler and Horn pans. The steam bottom 
b is fastened in the same way, but is not exactly like that of the Horn pan. The sides A are of 
wood supported by a flange, which is nearly as bigh as the muller ¢, in order to prevent the loss of 
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mercury, and is a much better disposition than that adopted in the Whecler pan. It has the same 
wings aa in the Horn pan, but no ecrapers. The bearings « p for the gear wheels ¢ ¢ and horizontal 
shaft are act on a beam underneath. 
The Combination pan, Fig, 1796, is a combination of tho Whecler and Patton pans, with a 
number of improvementa on beth. Hts capacity ia 15 tons in 24 hours. The cast-iron ring « on the 
inside is carried much higher, and is made so that it can be removed when necessary. The sides A 
of the pan are of wood, From the top of the iron rim, about Gin. of the sides is lined with 3-in. 
copper plates, and the wings i / have also copper plates, 16 in. wide at the bottom, and 10in. at the 
top, bolted to them. This is done to help the amalyamation, which is always finer on the copper 
than on the iron, Some of the chief advantages of this pan are that the muller e¢ is loose from the 
muller stem g, and that both the muller and the shoes d fit into slots. The revolution of the muller 
keeps them in place, but with a bar they can be casily forced out when necessary. The muller is fixed 
in the stom by means of a key f in the screw thread; by taking ont the key and turning the muller 
on the stem, it may be raised and kept at any height for any length of time, and as eubily lowered. 
The three wings ¢/ are attached to pieces of iron, which are ¢ ovetailed to fit into slots in the side of 
the pan. A handwheel r and lever 7, raises or lowers the. block », and so regulates the distance 


between the shoes and dics. 





990 | PIERS. 


, Figs. 1797, 1798, docs not possess some of the mechanical advantages of the Com- 
anaes var adie i riding surface, though the distribution of the pulp throughout the pan 
ig more perfect then any other, on account of the four double curved mould ds v, which are 
introduced to throw tho pulp to the outside and upper part of the pan, from which it falls again 
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under the muller, and so ensures a@ iAxinium 
amount of grinding. As the mullers are 
nearer the centre of the pan, less power is 
required to do the grinding than in other pans 
of the same capacity. The moulds raise the 
pulp regularly without vielence, und admit 
of a larger charge in the pan. It has a 
steam bottom like the other pans, and the suspension is the same as in the Horn and Patton 
pans, The wuller 4 is attached to the driver d, which is keyed upon the shaft by four legs e, so 
that the space between them and the cone is entircly free. 1t has six shoes f, which weigh 100 Ib. 
each, and eight dies 4, which weigh S5Ib. each. The arrangements for driving the pan are 
the same as in the others; it has a capacity of 3500 Ib. of pulp. Its total weight is 6500 ]b. 

The foregoing particulars are taken from an excellent series of articles upon Amalgamation by 
Dr. T. Egleston whiek appeared in the pages of ‘Eugineering’ in 1879. The subj-ct has alse 
been already treated at lenyth in the articles Amalgamation Pan, Buttery, Ores, and Silver, in this 
Dictionary. 

PIERS. 

The most ordinary construction for modern piers consists of circular hollow cast-iron serew 
piles, supporting cast-iron holluw cylindrical columns, braced diagonally or otherwise by wroupht- 
iron bracing, in Compression or in tension; these, in turn, sustaining wo timber superstructure, 
There are, however, various other descriptions which are frequently eniploved. It is not unusual 
tou meet with « combination of various different materials in the same work. For instance, a pier, 
the body of which is of the ordinary cast-iron construction of serew piles and columns, nay carry a 
timber head; or a timber body may be supplied, either at first, or, as is frequently the case, at 
& subsequent period, with an iron head; and this, again, may be cither east or wrought. 

In Figs. 1799 to Ts) the cast-iron construction ordinarily applied is illustrated, the example 
given being the plier at Westward Ho! The deck of the pier is here 16 ft. in width, and is 
composed of open 9-in. planking, 24 In. thick, ruoning longitudinally, and spiked down to trans- 
verse joists, ll in. by 2} in, placed 5 ft. apart. These joists are supported upon two parallel 
12-in, by 12-in. balks, extending throughout the body of the pier, at a distance apart of 13 ft. from 
contre to centre. In leu of a railing on either side, seat anaes ure supplied, fitted with timber 
seats, and forming sitting accommodation throughout the entire length of the work. They are of 
cast Iron, placed 5 ft. apart, one upon cach joist at each end, and the back of the standard is tilled 
In with four rails, the upper onc b ing forined of 2-in. wrought-iron tubing, and the lower ones of 
ordinary I-in. round bars. 

Lhe body of the pier is suldivided lengthwise into bays of 80 ft., the longitudinal balke 
supporting the deck, resting at cither end upon timber corbels, 10 ft. in length and of similar seant- 
ling to the former. Beneath the centre of these corbels the loud is taken by a cast-iron spreading 
bracket, the lower flange of which is tirmly bolted to the upper end of the cast-iron column. These 
columns terminate in cast-iron scrow piles entering the ground, each pair of columna inelining 
inwards at jhe top, and being held in place in an upright position by a horizontal 4-in. T iron 
extending acros the structures above, and another similarly below, the whole pier being alec 
diagonally braced by adjustable 14-in. wrought iron rods, bearing at either extremity a right or 
left-handed prrew for adjustment, and bolted together, in addition, at the point of crossing. The 
longitudinal 30-ft, balks are doubly trussed by 1}-in. wrought burg, one on each side; and where 
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the fall of the foreshore necessitates a stronger form for the supports in the deeper water, nests of 


four piles are substituted for pairs of columns, these being braced quadruply, and carried out in a 
second set below the first, if required. 


Dixon’s east-iron piles are shown at Fig. 1803, and are designed for the purpose of driving in 
foreshores, wlicre the ordinary screw or driven timber piles would be otherwise employed. ‘They 
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are usually of about 8 in. internal diameter, and 1 in. thickness of metal, cast in the form of a hollow 
evlindur, with four projecting ribs running the entire length of the piles, the external diameter 
over the flanges being 14 in. Phe principal objection to driving cast-iron piles is the liability 
of the material to fracture under concussion, and this Dixon ayoids by the employment of a wooden 
dolly above the head of the pile. This is turned to fit the interior, and shouldered so ns to rest 
upon the socket, a ring of indiarubber, or some other yielding compressible substance, being inserted 
between this shoulder and the iron, to deaden the concussion. By this means it is found that 
these piles may be safely and successfully driven to a great depth. 

Fig. 1804 is a section of a circular column such as is commonly used in combination with a screw 
pile. Lt is introduced here for the suke of comparison ; its diameter is externally 9in., with a 
thicknoss of 3 in., these dimensions being varied according to circumstances. 

Dowson's wrought-iron columns are formed from plates rolled to the fourm Fig. 1802, and riveted 
together in sets of four, in order to obtain the required circular form. Singly, these rolled plates 
are frequently employed for the covering of bridges and other similar works, in cases where it may 

© an espocial object to cconomize healway, being laid side by side as at Fig. 1800, For combina- 

tion it will be seen that these plates form a good and rigid piecee of work. Dowson’s piles are 
usually of an internal diameter of Shin. The thickness of the plates from which they arc rolled is 
Zin. or thereabouts, and the thickness of each plate, laid flat, is from 14 to 1} in. 

Fig. 1806 is a section of one of the columne which are frequently constructed from a pair 
of Barlow rails. These are riveted together, back to back, in convenient lengths, forming a 
column of 14 in. diameter, These rails are now seldom employed for permanent way, and conse- 
quently thoy may readily be procured at a moderate cost for pier work, ; 

Fig. 1808 shows a ecction of a wrought-iron column, invented by J, W. Wilson, employed for the 
construction of the pier at Westward dlo! These columns were formed of two side plates of 
wrought iron 1 in. thiek, eonnceted by two intervening 7-iu. channol irons, one having the channel 
facing outwards, the other fucing inwards. The plates and channels are connected by plain 
and countersunk rivets; by this means a rigid 9-in. upright was formed. Tho external channel 
iron, in this case, is well adapted for the reception of the requisite rubbing timbers necessary at the 
head of a pier. The ends of these columns ure bent over outwards on all four sides, and finished 
60 as to form a circular flange, which may be readily connected with corresponding flanges on the 
piles below or the atructure above. 
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The piles, Fig. 1807, are those which were employed in connection with the columns just 
described. They were of cast iron and hollow in section, of an external diameter of 9 in. imme- 
diately below the upper flange, and increased gradually in diameter to 11} in. at the lower 
extremity; the total length was variable, according to the scotion of the foreshore, and the 


distance of the pile in the rock was 3 ft. 6 in. 
The metal of the pile in the upper part was 
13 in. in thickness, and this gradually in- 
creased until, at a point 6 in. below the sur- 
face of the rock in which it was sunk, the 
thickness of metal was 4 in. on either side. 
From this point the contracted opening in the 
centre of the pile gradually expanded, the 
metal being reduced to I in. in thickness at the 
lower extremity. By this means a pile was 
obtuined of sufficient rigidity for the wrought- 
iron superstructure, and one which was free 
from the objections to wrought-iron piles. The 
holes sunk in the rock for the reception of 
these piles were of 13 in. diameter, and they 
were sunk parallel downwards, the surround- 
ing space beng filled with cement, giving 
a perfectly solid foundation to the superstruc- 
ture. The piles were also filled up to the 
ground line internally with cement concrete. 
The body piles of this pier were of similar con- 
struction to the head piles, the flange at the 
top being replaced by an ordinary octagonal 
socket, for the reception of a cast-iron column. 
A plan, due to Brunlees, is frequently adopted 
for the purpose of obviating the screwing of 
piles, in foreshores in which sand is the 
principal ingredient. The piles in question 
ure of cast irm and of ordinary diameter, 
having the base extended considerably to afford 
sufficient support for the superstructure, and ,. sr aaNet = Pron 
finishing at the lower extremity in a greatly SK Sa aS ile 
contracted opening of from 2 in. to 3 in. dia- | 

meter. This enlarged base bears toothed edyes, 
in order to pass freely any interposing laver of 
hardened mud, or clay, or other obstacle. A 
tube of iron passes down the centre of the 
hollow pile or column, of such a diameter as to fit the small opening below in the dise bare, beyond 
which it extends fora short distance. The upper end of this tube is placed in connection with a 
pliable hose, by which means communication 1s established with some convenient purnping power, 
and the whole apparatus is supported as found most convenient, according to circumstances. On 
pumping being commenced with the pile in position, the sand is disturbed or blown up on all sides 
by the downward force of the conatant etream supplied, and the pile rapidly descends, and a constant 
reciprocation supplied at the same time by external contrivance, prevents clogging and sids the 


descent. 








4 


Tie pumping is suspended as soon as the necessary depth is considered to be reached, and the 
heh ee Nis Ce interior, is Nee sand immediately surrounding the pile 
Eraduaily settles down and becomes quite solid. Piles may be sunk by this means to a deptl 
7 ft. or J& ft. in froin twenty to thirty minutes, - ‘ : ie 
a ts ay ad dare be sues abi Neh ti ia the foreshore itself, or from a raft: and ia 

aimed na being the only one by which euch depths are reached with pile ji 
minimum quantity of metal. - pret sea maori 
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Localities are frequently met with where the nature of the situation, the excessive rise and full 
of the tide, the exposed position of the structure, or some other reasons necessitate the elevation of 
the deck to @ greater height than is ordinarily the case. In such instances it is usual to employ 
wrought-iron work to a larger extent, not only in the superstructure, but in the supports to the work 
themselves. As an instance of this may be mentioned the pier crected ut Clevedon, in Somerset, 


1802, 1803. 1804, 





There is a riso and fall of tide here of nearly 46 ft., and 
wrought iron may be called the exclusive material of which 
the work is constructed, there being considerably Icss than 
10 tons of cust iron employed, while there are said to he 
upwards of 350 tons of wrought work in the structure in 
all. The main part of this structure is formed by two 
Wrought girders formed of plate work, and extending in two 
parallel lines continuously throughout the work: and the 
picr is divided into cight bays of 100 ft. each, being supplied 
with a T head 42 ft. broad and 50 ft. long. The depth of 
these girders is 3 ft. Gia. The columns employed were those mentioned previously as being formed 
from combined pairs of Barlow rails Les, together, and extended above the ground to a height of 
ne less than 65 tt. They were connected with the shore, which consists of hard limestone covered 
With mud in a moist etate, interspersed with loose rocky blocks, by means of a solid wrought-iron 
bar ¢xtending in a downward direction as fur as the solid rock, a distance of sometimes 14 ft. or 
16 ft. The bar hod at its extremity a cast-iron serew of upwards of 2 ft. diameter. Thus. in this 
work the total length over all, of pile and column, reached in some instances as much as 80 ft. The 
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stability of the structure is further increased by the rails forming the columns being convergent, 
and being bent over at the top in vither direction, by which means ia formed an arch of great 


rigidity. The total length of Cleveland pier over al) is 842 ft., and the breadth of the body 20 ft. 
At low-water spring tides the depth of water at the load ia G ft. The Westward Ho! pier to which 
reference haa already been made was constructed by J. Wilson, and runs out soawards from the shore 
in Bideford Bay, extending in @ northerly direction. The foreshore below the cliff, which is 
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entirely composed of rocky shale, dipping at an angle of about 45°, is covered at high tide with a 
depth of from 6 ft. to 83 ft. of water. The shore falls from below the cliff at an incline of about 1 in 
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35 for a distance of about 360 ft., when there occurs a sudden fall of 12 ft. or 14 ft.. the 
running out scawards at a gradual slope of Gin. in 100 ft. These upper and eee ane as 
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The pier is erected upon cast-iron columns, with the exception of the head, where the greater 
depth of water necessitated the use of the wrought-iron columns, Fig. 1808. In all cases both de- 
scriptions of columns are placed upon cast-iron cylindrical piles, Fig. 1807. The holes required to 
receive these were sunk in the rock by jumping, where practicable, but otherwise, the plan 
adopted for sinking the piles in the foreshore under water, is that shown by Fig. 1809. Tho piles 
were of lengths varying from 12 ft. to 15 ft., as required by the formation of the ground and the 
arrangement of the superstructure, and they were of 11 in. external diameter. The holes in the 
rock to receive them were 12 in. diameter. The depth of water over the holes varied from 6 ft. at 
low water to upwards of 30 ft. at high water. An outrigger was constructed of timber to project 
35 ft. beyond tho present end of the pier; this outrigger being supported at the extreme end by 
spars shod with iron, resting upon the rock in which the holes had to be worked. An iron 
cylinder 8 ft. long and 14 in. internal diameter, made in halves and jointed, the joint being parallel 
to the length, was lowered on each side of the outrigger, and kept in an upright position by being 
firmly secured to the spars. The position of the outrigger, spars, and cylinders was arranged so 
that the cylinders stood on the rock exactly over the side of the required hole. The heavy jumper, 
which worked through two cylinders, Fig. 1809, was a four-winged tool with a 6-in. leading point, the 
shaft being round and of 3 in. diameter; the total length 4 ft. Gin. The jumper was further con- 
nected to upright rods of 2 in. round iron, screwed together in Iengths. The top of the jumper rod 
was fastened to a shackle and chain which led over a pulley, placed upon the framework erected on 
the outrigger, exactly over the centre of the hole. A strong rope Was tuken from this chain through 
guide pulleys to a winch barrel, which was driven by a portable steam.cngine on the deck of the 
pier. Two men were stationed at a, with the ends of the ropes which were to lift the Jumper coiled 
twice round the winch barrel. By hauling on the free end until the jumper rope had been drawn 
in 3 or 4 ft., and then suddenly surging or letting yo, and steadily repeating the process, a constant 
rise and fall of the jumper was easily maintained through the cylinder on to the rock. An arrange- 
ment of bevel gear at the top of the jumper rods, enubled them tu be slightly revulved from time to 
time at each occasion of the rising of the jumper. 

When the jumper had entered to the required depth, and the hole was consequently complete, 
the teol was withdrawn and a pile lowered without difficulty into its place. The attendant diver 
then, through doorways made to open through the lower part of the cylinder, secured the pile in 
alata by means of the customary wrought-iron wedges and conercte. After the columns and 
brackets had been built on the piles, the joint 10d of the cylinders was withdrawn; the evlinders 
then parted in halves, and were easily removed, to be employed again in a similar operation, 

The effect of the bottom scour of the ground sea was otten to fill up the hale with gravel, 
slough, and small pebbles, even faster than the jumper worked down ; so that often a hole which 
wus, say, 2 ft. deep in the morning would, after u day's steady work, be only 1 ft. deep in the 
evening, and, if jumping were suspended for two or three hours, would be entirely fille: up. 

The plan at last invariably adopted was, ufter starting a hole, nut to stop day or night until it 
was completed. 

Figs. IS1L0 to 1823 are of a floating pier and approach, designed by Robinson and Junson to suit 
the rise and fall of the tide, so as to allow at all times the casy and nninterrapted Now of tratte. 
The stage itself has no untsual feature ubuut it. [t consists of a platforin resting on lon itudinal 
wrought-iron girders, supported by wrought-iron pontoons, any one of which can be removed and 
repaired, or replaced by another, without in any way interfering with the trate or the safety of the 
stage, and retained in position by mooring chains in the ordinary way. The longitadiual girders 
are of such a section and strength, as to secure a mean of the rise and fall of the pnumerable small 
waves which attack the pontoons, and at the same time to leave to the stave such a deren 
of plhaney as in rough weather would allow it to partake of the wave motion of the water to 
relatively a small degrees, and thus avoid unnecessary expense in the stifness of the virders, or the 
danger that would follow from the staze being sometiuics supported on the crests of a few Waves ut 
great distances spart. 

One half of the stage is devoted to passenyer traffic, and the other half to merehandise. The 
connection with the shore is by means of a Hoating bridge 420 ft. long aud 3% ft. broad, divided 
in two by a handrail down the middle: so that passenvzers are kept to one side of it und goods to 
the other, as Figs. 1810. 1816. The bridge rises and falls with the tide, and consists of six TU-ft. 
lengths, joined together hy universal joints, Figs, 1817 to 1823. Each length of 70 ft. ia carried 
on two wrought-iron plute girders and a ceutre box girder, which are borne by two Wrought-iron 
pontoons at each end of the span, moored in the same manner as the stage, At low water 
these pontoons settle down on gridirons, construct: d of timber and serew piles, and at o gradient 
of 1 in 15; so that at the extreme low water the whole lngth of the roudway of the bridge will 
be at an inclination of Lin 15. As the tide rizes, part of it will be ut this angle and py level 
When the water rises to its extreme height of 32 ft., the first span from the shore will be ik 
the position shown. All the gridirons are surronnded by paling supporte : a vane 

1 a yy ¥ supported by the ontside piles 
which are carried 5 ft. 3 in. above the level of the floor of the paulitone ay in the ere ti : 
Fig. 1821. This paling is for the purpose of acting us a breakwater, so that the por bene wie 
settle on their beds in calm water and without ANY COUCUBAION, big ISES is a le i Ce 
the bridge and end view of the staze, showing how the bridve is cut pas ae 

. ) ‘ ir ridge is constructed and carried b 
the pontoons; Fig. 1820 is a plan of the bridge for passengers and merchandise, and of the offj ad 
on stage and shore. Fig. 1816 is a plan of the gridirons of the same, and Fig 1821 0 exc ee 
through the bridge and one of the pontoons resting on its gridiron also a view of the pie paren 
wales oe ce 1815, Leder of a pe uent to the whore. ue enous 
fe whole of the wrought tron u or the work to which this design refers must be 
bearing a tensile strain of ut least 22 tons a sy. in. of section, enue breaking: or apres . 


aq. in. with a permanent extension in length of nut more tl i i 
I 3 ian onc sixty-fourth of 
See Brivce. Vine Driver. ee eee 
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PILE DRIVER. 

On the continent of Europe many economical and effective plans of driving piles have been 
devised, and amongst these an arrangement of steam pile-drivers by which several may be worked 
by one engine. The apparatus to the left of Fig. 1824 consists of three parts, a steam engine, which 
may be of any portable form ; an arrangement of grooved pulleys mounted on a wood frame, and 
termed a distributor, which is driven by the engine, and from which the several pile drivers are 


1825. 


Or 


' 


: 





worked; and the pile drivers. All these may be placed in such varied positions as the circnm- 
stances of practice nay dictate, as they are not connected except by the working and hauling ropea. 
Three pile drivers, worked from a distributor driven by one envine, were used for driving the 
Dresden Bridge piles. Allbor cither of the pile drivers may be worked from this distributor at one 
time, or some may work while others are being shifted for driving other piles. Thia apparatus 
consists Of a simple wood frame carrving a main shaft, worked by a strap from the engine. ‘Phis 
name shaft carries three double grooved pulleys ad, over which run the ropes for driving the rope- 
winding barrels of the pile drivers. These pulleys are loose on the shaft, and all or any of them may be 
put into gear or fixed by means of clutches moved by levers. ; 

On the rear of the frame mils ure fixed sypon six beams, carrying small carriages supporting 
donble-grooved loose pulleys, similar to d, and over the two sets of pu Jeys the pile driver ropes take 
a double turn, so that by means of weights suspend:d on chains, the carriages form a slack rope 
gear, by meang of which the driving ropes are kept tight, during any small changes in the distance 
betweon the distributor and the pile driver. The driving ropes being double between the pulleys 
on the distribator, and single between them and the pe driver, a given moment in the carriages 
allows of twice that movement between the distributor and pile driver without stopping the 
apparatus, Aas the pile drivers are seldom opposite the pulleys ¢, guiding rollers are necessary, 
each double pair of these being mounted on vertical spindles, capable of a certain amount of motion 
in a vertical plane, and controlled by screwa. By this arrangement the ropes are kept in the plane 
of the grooved pulleys d, and normal to the rollers, whatever their inclination beyond these. 

The pile driver in general construction is similar to that in ordinery use, no other preparation 
boing needed than a pair of timbers to receive the winding-gear frame. A cylindrical guide 
replaces the ordinary guides for the monkey, and besides being very simple, xdmits of working the 
latter below the level of driver. Figs. 1827, 1828 illustrate the winding gear by which the monkey 
in lifted. It consists of a wooden frame carrying double gear, by which the speed of the lifting rope 
is reduced to 's that of the distributor rope. On the shaft c, squared on the ends to receive handles, 
in Axed a grooved pulley P, over which runs the driving rope from the distributor. | This pulley 
may be shifted to the positions p” on tho shafts ¢ and e,” thus providing tor changes in the relative 
positions of distributor and pile driver, The winding drum c, loose upon the shaft A, 1s driven hy 
the spur wheel a, between the side of which and the drum is a dise of wood f, forming 4 friction 
alnteh thrown in or out of gear by a quarter turn of the ecrew ¢ and the lever c. To facilitate the 
removal of the pilo driver, small rollers, carried in forked screwed stems, Fig. 1831, are fixed under 
cach corner of the fiaming. The monkey employed weighed 1100 1b., the most effective mean fall 
. ‘ubout 8 ft. 24.in. Tho velocity of clevation of the monkey was 82 ft. a minute, 80 that the 
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82 x 1100 

33,000 
a minute, and was 7°92 nominal horse-power. 
would very seldom be lifting at one time, the 
eless than that necessary for each machine, 


work done in lifting it, or the work of one pile driver = = 2:73 horse-power, or 8°19 for 


the three. The engine employed made 120 revolutions 
It may be here noted that as all three of the monkeys 
horse-power actually required would be considerably 
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multiplied by the number of the latter. The work for driving the piles for the three caissons of tho 
first pier for the bridge at Dresden, where an crrangement such as this was ciploved, commenced 
on the 27th of August, and terminated on the 2nd of September, 1875, after sixty-six hours’ work, 
including the time orcupied in mooring and fixing the plant. 

The work executed is detailed in Tuble 1 ;— 


TaBLE I.—Pines Driven. 


Number; Length Total Cibie Freee Total 
of Tiameter, | Length. driven in length of bles cubte kave 
Piles. ' ferounsd. driven, dn Gere ins Ciremm 
inches, feet, | few feet, 
79 11°81 2° 5D 992-50 450°0 4 
21 9°S4 Q2H°H2 HO? 0 Me ' 47°38 ca 
15 7°87 =, «©23°0 ' 59°00 740°50 | 26°8 524°1 


Fig. 1832 is a diagram showing the rate of descent of the piles. The abscisam represent the 
time 2 mm. to the minute, the ordinates a descent of 50 mm. to the meter. 
The earth into which the piles were driven consists at the surface of compart gravel with large 
imbedded stones, and about a yard below the surface basnilt and porphyry boulders of considerable 


HIZe, 


and none were broken in driving. 


These are shown in Fig. 1826, which will be hereafter referred to. 
four-branch wrought-iron shoes, Fig. 1825, which weighed about 


26°4 Ih.; 


In Fig. 1826 at 1 isa normal pile, 2 one driven by hand, 3 steam-driven, 4 and 
The apparatus deseribed was employed in the construction of quays 


The piles were shod with 
few of them came off, 


5 powder-driven, 


on the Elbe at Dreaden- 


Altadat, with the following results, the piles driven forming an enclosure with straight lines 
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connected by curves of long radius. It was formed with 459 main piles from 13 ft. 11 in. to 16 ft. 5in. 
in length, and about 7°5 in. square; and 1631 intermediate piles of a mean length of about 13 ft., 
and 9°84 by 2°75 in. in section. The principal piles were driven from 5 ft. to about 7 ft. into the 
ground, and the intermediary or sheeting nile to about 3 ft. 11 in. ‘The material driven into was 
about the same as that already described. The totul quantity of piles driven into the ground 
amounted altogether to about 2685 cubic feet. The work wus done by similar staff to that described 
above, and lasted thirty-two days of ten hours, or 320 hours for eleven men. The work done in 
cubic feet driven was ;— 


Bridge, work an hour — = 7°76 cubic ft. 
Quays, work an hour = = 8°4 cubic ft. 


The monkey used for this shect piling weighed about 900 Ib., and the average fall was nearly 10 ft. 
Altogether about 120,000 blows were struck. This averaged forty-four blows a cubic foot of pile 
buried. The monkey was lifted at a velocity of 65-6 ft. a minute, the work of cach pile driver 
being thus; 65°6 x 900 = 59,040 
foot pounds, or 1°8 horse-power, 
or 5:4 horse-power for the three 
pile drivers. The engine em- 
ployed had a cylinder 10°23 in. 
in diameter, with ua stroke of 
15°75 in. The steam ured was 
nt a pressure of three atmo- 
spheres cut off at one-third. It 
is remarked that by having three 
pile diivers arrauged and suit- 
ably fixed to one pontoon of con- 
siderable size, each pile driver 
in much ateadicr, and the work 
ean be better done than when 
only one pile driver is used, the 


Yacht 





tendency of cach machine in aan a ra i oe eee s{i BL Tt oo 
work being tocorrectauy swaying ee ae ee E ay 40 
or motion caused by the others. f | Nesp Rg, Naan Sci a ae? area: at eden Bebe 

For driving piles in the con- 7! a ee ae SE + eae RS eae SS aaah eee 
struction of other bridges on the = uut et il ee : 
Germun rivera, ordinary pile °.,.2 22. (2 © 3% 30 88 40° 48 S088 eo Gs oe 


drivers with monkeys guided in 

wlides and released by a drop TaoS 

hook were uscd. Each was driven by a sepurate engine. The drums were put in or out of gear by 
a clutch lever, which also commanded the brake, and which prevented the chain wholly unwinding 
froin the drum when the monkey dropped, aud 80 causing a waste of time in re-winding. 

The gunpowder piledriver used on these works was Shaw’s, moditicd by Reidinger. Figs. 1829, 
1830 vive the principal details, and the right of Fig. 1824 a general view. The frame is very strong, 
and of iron, supported on a turntable carriage, Which may run on rails. The wheels may be easily 
teken off for fixing the apparatus on a pontoon. The principal part of the frame receives the 
monkey guides, and is made of vertical angle irons S¢h in. by 3-5 in. by "Gin. connected together 
by a cast-iron headpiece T, and held in a step casting at the bottom, capable of turning on the 
carriage 80 as to suit any piven angle at which it may be desired to drive a pile. The two angle 
irong GG, forming the principal part of the frame, are connected by curved angle irons at about 
every S84 in. of the height of the frame, and these are connected together by a T iron H The 
panes part of the frame is held in equilibrium inthe front by two angle irons 3°16 in. by 3°15 in, 
ry 47 in. bracing the head “Tiron on the ehariot. An Tiron J, Sin. by 3 in. by 47 in. (Fig. 1829), 
forms a brace, and constitutes a third-part of the frame. This is fixed at the rear part of the 
carriage by a bolt 1°5 in. in diameter. The monkey of the steam pile-driver is replaced by two 
Reparate picces, the one, WM. fixed on the pile ia of cast steel, the other, N, of cast iron, sliding by 
projections cnst thercon between guides GG. The part M curries similar projections, and fits in the 
kame manner between the guides. This piece, called the mortar, is of elliptical section, and 
cneireles the pile by a recess ut the lower part. The bore is 6 in. diam. and 24°4 in. length, The 
monkey is also hollow at the upper nart, the bore being 8°26 in. in diam. At the base is tixed a 
stem terminating in a piston fitting in the mortar M. From the crown T depends a second piston 
QO, corresponding to the bore in the upper part of the monkey. The brake F for supporting the 
monkey is of Tiron, 3°5 in. by 2°36 in. Sy 2°S6in. by *43 in. This T iron is operated by levers L, 
forming a parallel motion and oscillating on the curved stays of the frame. The monkey ia pro- 
vided at the back with a surface which engages with the brake. Mortar and monkey can be raised 
sepurately or together by means of a chain over the pulley R, commanded by a windlass fixed on 
the brace J. 

The principal dimensions of the pile are as follows ;—Total height above rails, 37 ft. 1 in., 
length of carriage forming the base, 11 ft. 2in. ; width, 8 ft. 8 in.: width between rails, 8 ft. 2°75 in. 
Weight of monkey, 183 ewt. 3 qr. 3 .1b.; weight of mortar, 15 cwt. 2 qr. 27 Ib.; weight of carriage, 
1 ton. 11 ewt. 8 qr. 6 lb.; weight of rest of frame, 2 tons 19 owt. 5 Ib. 

The maximuin dimensions of the piles which can be driven by this machine in conrece gravel 

o 
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is 23 ft. in length and about 12 in. in diam. The explosive charge is made upin dry paper prepared 
at the works, the heaviest yet used being about 385 grains. 

Two men are necessary to work the apparatus; one to attend to the brake and one to introduce 
the powder charge ; and about six to eight men oceupied in bringing and placing the piles, working 
the windlass, and removing the pile driver. The monkey being suspended at sufficient height, the 
man at the brake orders the introduction of the charge into the mortar, and then releases the 
monkey. The piston P compresses the air, which forms an elastic cushion under the pressure of 
from 20 to 25 atmospheres, A great elevation of the temperature of course follows, and the powder 
charge is thereby ignited, and the monkey aguin elevated by the powder gases and the compressed 
air. The work of raising the monkey is thus done upon the pile, as well as that of checking its 
descent after a given fall. I¢ is said that the air cushion is effective in reducing the impact upon 
explosion, the pile being placed rather under a heavy pressure than receiving a severe shock, 
Fig. 1826, which is of some of the piles after being driven by the different means, suggests that 
the shock is much more severe than with the steam pile-driver. The pressure exerted by the 
gunpowder pile-driver upon the pile ia composed of the following factors; the weight of the mortar, 
the compression of the air, the foree of the explosion of the powder, the reaction duc to the 
expansion of the gas during recoil, and the weight of the monkey—the action of which is inverscly 
proportional to the resistance of the dexcent of the pile. 

The operations conneeted with the application of the brake require an experienced hand and eye. 
If improperly worked the brake will check the ascent of the monkey to the fixed piston O. The 
operation is the affair of but four or five secouds, the command te fire is repeated, a secoud stroke 
follows, and this is repeated ten or fifteen times, ufter which a pause is made tu grease the piston, 
elean the breech. and permit the cooling of the mortar. In experiments mule by Hacquard, twenty 
strokes a minute with 308 grains of powder were seldom: exceeded. With this nuniber of strokes 
the mortar became so hot that the powder was liable to explode before the fair entry ef the monkey 
piston, so that the proper effect of the explosion was lost, and the monkey had to be raised by hand 
windlass. The dilatation of the mortar also resulted, cither in the non-explosion of the powder, 
because the air cseaped past the pistun instead of becoming compressed and heated, or else the 
powder gases escaped when the powder was tired by the heated air. The piston in these cases waa 
very liable to suffer deformation. It is thus necessary that these tools should be placed only in the 
hands of careful men. Though in some respects this is objectionable, the mechunieal work obtained, 
being the result of pressures and not of repeated shocks, docs not produce on the framework the 
severe vibrations common, and which necessitate so much repair to pile drivers work. d by steam on 
the Nasmyth principle. From these con-iderations the employment of gunpowder would scem not to 
he Hable to the losses of time inherent with steam pile-drivers, for getting up steam, and their 
manipulation, Steam always requires the presence of the Clements and tooled for its production, 
while the powder is a simple motor, emmagazined, and always ready for action. Por these reasons 
it is thought that it will be largely employed in the future. more particularly for light work, 

At Dresd)n Bridge the apparatus was used more to obtain experumential resulta than for any- 
thing else as it was known that the ground was not such as would vive the best opportunity for 
snecesstnl work by this class of moter. Tt was therefore at first worked ander conditions similar te 
those for working when driving poles in the bettom of an exervation, as indreated by Fig. 1826, 
whilst steam pile-drivers worked in the river. The excavation was for the foundation of a pier of 
280 square tnetres of surface doa dam, alse represented by Fig. P8235. Tt was at first cleared of the 
reeks, Which provemed pile. and the work of sinking then performed by aid of waling board, 
battens and pumpin, toa depth of about 18 tt. below zero. when, the pump being insutlivient, it 
Wis reselyved to have recourse to piling wud conereting the exeasation. We bave thas confined this 
deseription to three types of pile drivers, working ubder similar couditions as to the ground inte 
Wiel the piles were driven, These comparative results, and those obtained in the construction of 
the M mthausey etd Steyerres bridy son the Danub and those of Tetschen and of Aussig ou the 
Tbe. with band and steam pile-drivers are given in Table LE, 

The thie oeeupied in driving a pale, which was on an average forty minutes, is thus analyzed ;— 
Daration of effeeting firing, five aumaites; time occupied in stop for pereasing. fifteen minutes; 
getting ready for driving. five mintes; sfopa necessitated by the passage of the public. fifteen 
mviNtes > fortvorniiutes. Phe emplovinent of powder in a town thus involved a loss of 57 per cent. 
of actual work, These conditions do notes largely affeet the total cost as might be expected, 
beeaus the constant, the powder, which represents the principal factor, about two-thirds the total 
ONpM lane, playin thre prinei pak part, it is nee ssairy to reek its best 2 plication. To obtain this 
result, we have the eormpariten of the meckanienl work, and the fertive work in foot pounds 
fia the dithrent earths, amd alee the work of a gram of powder, from whieh we may deduce co- 
eMetents, by the wae Of which we can wseertain the charge of powder nerensary for i wiven operation, 
it admiit< alen of estinistiny the Cost, and whether preender in applicable orget. Inthe ease of the 
i ae ia ae the piles Were ws in, snare, and aries with the aeune shoes, The 

HSE Ca < perion med by the nen working a belleringer pile driver, and in driving the piles 
tow menu depth of 6°56 ft., Win D4o,807 foot pounds. For driving to the depth of 6-08 ft.. an was 
the cuse with the powder machine, the work remaining sensibly proportional for the increased 


P Lin mO7T x 6-8 
depth, the foot poursts will be ----- poe = $05,285 foot pounds. The equivalent of ono 


656 
15,2! 
aE : — fib x 207 
a eae pounds, From what will follow it will be seen that the mechanical effect of one gramme 
t powder should ut least be doubled, for the Apparatus in able te compete, as to eoat of its work 
§ 


: fae Be als piles rs. As to the Weight of the powder charge, experiments have shown that the 
Wexpenditure of powder dinunishes proportionately as the weight used increases. From this it 


es ker Zz . , <3 = s * 
Kramme—1O-°4 prains—was thus in this ground and under the given conditions = 
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is concluded that the nearer the charge approuches the maximum limit, the nearer the most useful 
effect of the apparatus is approached. Given a mortar of sufficient strength, and a monkey corre- 
sponding, the maximum charge has only a limit in the limit of elasticity of the pile itself. Thus, 
in the case cited, the charge of 20 grammes—corresponding to the resistance of the mortar—gave 
6 per cent, of ruptured piles, and determined for ordinary usc the maximum charge for the pile as 
woll as for the mortar, From this it results that the nature of the pround reacting more or less on 
the pile in opposing its descent is the principal factor which modifies the charges to be cimployed ; 
for earths of little consistence the employment of powder in large charges gives a very hich 
cocficient of useful effect, whilst in hurd ground, perinitti:g the use of but small charges, the 
useful effect may be very small indeed. 


TARLE TI.—ComraraATIVE TABLE OF THE WORKING OF VAKIOUS Tyres oF PILE Drivexs. 








Bridges on the Ethe, Bridges on the Danube. 
a ~ = t ~ . : = - 4 -— = ae ee 
Dresden. ) Austig.  Tetschen. Mauthauven, = ‘Steyerreg. 
1875. 1H733. | Int4. | 169-70, Is70-71. | 1472, 
ere | : . . 
Designation. : | zi : : oe - | . 
8 ~b |e_g: _& gE! 8 Zr | a 
2 | SBS 2 = =Es = Es a ee ee ee ee 
<= | = aL ae ' Beh ' ts ert he tf wat uaa k 
ET | 22zB =F oo; SEF | FST | BET ! £23. Bs? 
af (~E2E > wb | Mle | 222 | Kobe , 2k ere 
Sie al & | 74 = me. a = 
ae i 7 : ; On On | Cin t 6 On ; On QM | On | On 
Position of the apparatus .. 0 6... ; shore | river shore river oo: oriver shiure | streatn | stream 
4 a 4 ‘ t 
ore sens si i ss93 | 4. ; 49200, 4428 eee User ree 0 
4 oe ae oe ee ee se ee ’ t t : : ; . ' . , 
Height of pile driver, in feet oo... 36 290°h ' 26°25 3 29°3 46 46 ; 40 46 
Weight of the monkey, iu db... .. W640 + lOO | T2) » Ista. ITbO wh 160 17Lod 
aah ie = pile driven at first stroke, mn d 49 6 | 4 6 i: gg 5 ~. . ee 19°6 
hnene ee oo oe se ee ee oe , Hy H i 
: in ; : i { : 
ee pile driven at last stroke, in t 1°14 0°23 ‘gen 0 0 0 0 10 
Number of piles observed .. 000.005. : 90 ' 6 90 100 120 20 ate f | 400 
Weight of shoes, in Jb. eo war wes G OEE: 2. AeA 4 2 Geo: ee JJ 33 16°5 
f y Pour Four Four Four our Popes - pron’ Four 
Form of shore 6. ee ee ee ee ranches branches branches branches branenea | PEIN Ping a ches 
Dimensions at centre of pile, in inches | TS eq. lle dia, T'S eq les dia, Pis<ahal} diss dial Tas dia ges dia, 
Length of piles, in feet ee ee ood | ee +: ‘ 19°6 JY 3 4u ie , wes ee as 
rer septh nual posbe was driven, in t 6°9 6°9 : G'S 6h Q-k 11°5 9 lua 
aver ee ea «a F es eos er oe 
Cubic fert of the wood in the ground 2-71 £0 2-71) . SO 7°5 lash Tine ds Wel 
Tetal length of piles buried, Iu feet... 629 5 Tal 590 5 | “ ‘2 -- or Ms 
Number of workimem .. 006. ce ee, 7 1 Pd i 6 i ya 1a 
Mean nuniber of piles driven per hour 1°40, P6O 5 Ost Od 0°35 es 6°50 
Mean fall of the monkey, in feet 2. | 4°5 wee 3°24 4°94 1°56 ae 2 re On 13°12 





At Mauthausen, where beds of conglomerate, compact clay, with a rich bed of pyrites and 

vel, with imbedded granite bloeks, were passed through, the piles, 13°65 in. in diameter, were 
driven with a monkey weiyhing 1760 tb. and with rapid strokes not execeding 19°6 in. At 
Steyerrey, on the contrary, where the carth was heterogeneous, the height of fall sometimes 
renched 16 ft. with the same pile driver, and gave them very geod results Great importance 
attaches to the proper form and mode of fixture of the shove. The ends of the pile should with 
great care be cut quite square, and the Jower end nicely fitted on the flat port at the shoe. The 
spike holes by which the latter ix attached should be as shown in Fig E825. We do not see the 
necessity for leaving much pluy if the spikes are properly driven so as to pull the shoe tight up to 
the bottom of the pile, especinlly if the se is properly fitted. The powder pile-driver enn be most 
successfully used in homogencons eurtha not of a hard character, such as peaty, argillaccous, or 
sandy ground, as it is only in these that the larger and the more econonical charg: 6 of powder can 
be used, 

Fig. 1829 ia intercating as showing the condition of difcrent piles after driving by the various 
machines into the kind of material deseribed. The two illustrations of the powder-driven piles are 
of course of abnormal cases, but it is fully evident that powder cannet be used for driving im 
hard yround with interspersed boulders, 

The experiments with gunpowder deseribed tovk place in hard ground much disturb d—sce 
Figs. 1824 and ER26. We ehall now sce the apparatus under more favourable conditions. 

The Gunpowder Pile-driver dritma Dites into Sott Ground at Wilhehashaten.— For the recent orks at 
the port of Wilbelmsbafen an apparatus similar to that just described —but more powerful, the weight 
of the monkey being 2452 1b., and that of the mortar being 2090 Tb.—was eniployed by the side of 
a steam pile-driver on Nasmyth’s principle. The ground was composed of clay or loam, argillaceous 
sand, and lastly, fine sand, Table ILL. gives the comparative results obtained ;-— 

The resulta given in this table show that the experiments proved the work of the powder driver 
is,in hard earth with large imbedded stones, much more expensive than that of the steam machine, 
Fig. 1826 illustrates the aspect of the piera in the different cases after driving. After examining 
these, taken from the actual piles, it will be remarked that by reason of the rapid action of the 

owder the earth has not time to become displeeed, and that ruch obstacles as can be pushed aside 
Dy light repeated strokes break the shoes off and split the pilca, which can be driven no farther. 
The piles in this condition are indicated in two cases by Fig. 1826. In the case of the steam apcaratus, 


we may learn by the nature of the blow and the driving it produces, the value of the resistances 
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which normally aprile themselves, and may accordingly vary the height of the fall of the monkey, 
so as not to break the shoe. 


TabLe LIT.—ComPranison OF GUNPOWDER AND Strram PILE-DRIVERR. 





Description. | Powder. Steam, 


' 30°165 tons 94°55 tous 


Total weight of apparntus 6. 6. ee ce wee ete 


I 

} 
Time during which apparatus stood .  ..  .. we wwe | OB days | 14 
Persons employed 6. ee ee eee ee ee ee ee ee 1 ; 12 
Number of piles observed «www eee ee ee ee ae sD ; 1885 
Length of piles Se ey RG ea OR. OR TS ee Se: es 32°8 ft. , 2°8 ft. 
Diameter of piles 6.06. wk ee eee ee ee we | EB in, / JL-Sin. 
Depthalriven “sc. 2%, se Ses. eee Se fe Get awh ws QR°2 ft. 20°5 ft. 
Cubie total of wood driven below ground... .. w. we 211°S ff. 459 ft. 
Total length of piles driven in feet LS! GM. oe cia. Ae ae Re 5o°6 
Duration of work 0.000. ee ee eee wee ee, BH minutes LT dave 
Mean number of piles driven in twelve bours  .. 00... 1 16 
Number of strokes of the monkey a minute a vr 6 § to 6 
Ditto a foot cube oa aw gue onal. “lee ie ha rate, ‘de Ae “7 to “S85 ee ty i 
Ditte a feot run ee ee ee a ae “oto +6 (9 
Ditto-ench pile 2. ss. 36 68 ee Ges ee tes 18 to 20 200 





PNEUMATIC TRANSMISSION. 

The transmission of goods and passengers by a railway worked either by exhaustion or com- 
pression of air was at one time a favourite project with engineers, and several short hnes were con- 
structed upon this principle. They were net, however, found to be ceonomical, and have fallen into 
disuse for any purpose except the transmission of small pareels, letters, aud especially telegrams. 
For the latter purpose, the transmission of telegrams between two main and out stations of large 
cities, the system is of erent xerviee. The plans upon which it is worked are fairly represented by 
those in use in London and in Paris. In the London system, for the deseription of which we arc 
indebted to a paper by R. Sabine and R.S. Culley, MLILCLE., S76. the pneumatic tubes, which are 
Jaid double, are worked from one centre, namely, the central station in the Creneral Post Office, at 
which point the engmes and air pumps are fined. At that station the tubes are arranved vertically, 
side by side, and each is terminated by a valve. Those used exelasively for forwarding messages, 
are situated at one end of a long table; those used both for forwarding and reecitviny, in the centre ; 
and those for receiving only, at the other end. The messages for delivery by hand are sent through 
a tube to the room below, and there are several tubes for conveying messages to different parts of 
the callery. 

The Varley valves adopted at the first in the London system, though efficient, are expensive in first 
cost, and troublesome ta keep in order, beeuuse of their compleaity. In providing fora system so large 
as that of the English Post Otice, it became necessary to devise ao sttingder arrangement, and the 
valves employed admit of cach tube being used either exclusively for sending earriere to a distant 
station by tmcanus of compressed air; or exclusively for receiving carriers by pienns of vacunm ; 
or for sending or receiving at pleasure on the same tube. Fig. Is3b is u section, Fig, 1853 0 plan, 
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and Fig. 1835 4 back view of the valve. In sending, the rarrier containing the messages is inserted 
into the chamber M, Fig. 1833, until it is held by the contraction at C, where the chamber 
ry a 66) size of the tube. The handle H is next drawn forwar! ~seoote-- -uat ta et 
Dial CAC CEOULEL © of the chamber, The top Ss’ Low strikes the lower end of the Jeve 
it into the slot + of the sliding bur B, and the continuation of the motion opens the 
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slide T by means of the rack R. At the same time the inclined plane I, Fig. 1834, attached to 
one of the sliding rods actuating the lower sluice 8, passes between a fixed roller and a roller 
fitted to the valve V, establishing communication between the pressuro main and the message 
chamber, the compressed air expands the felt casing of the carrier, causes it to fit the tube, and 
forces the carrier forward. On its arrival being signalled electrically, the handle H, Fig. 1834, is 
pushed inwards, the air cut off, and the message 
chamber opened ready for another carrier. The 
eperone of opening and closing the slide occupy so 
short a time, and the resistance of the long pipe is so 
great, that if it be desired to send a second carricr 
before the first has reached its destination, the speed 
of the first is not sensibly affected. The cock D, Fig. 
1835, connected with the vacuum main is closed. By 
closing the top sluice before opening the lower one 
the rush of compressed air from the tube is prevented. 

In receiving, the carrier is inserted at the distant 
end of the pipe, and is signalled. On receipt of the 
signal the lower sluice is closed, and the upper one is 
opened as before. Communication with the vacuum 
nain is now established by opening the cock D, Fig. 
1835, and when the arrival of the carrier is known by its striking the lower sluice 8, Fig. 1833, or 
by observing it through a glazed opening in the message chamber, the vacuum is shut off by the 
cock Dy and the handle H is pushed in. The top sluice being now closed, and the lower one 
opened, the carrier, having passed the contracted part C, drops out. The connection between the 
valve V, and the pressure main is cut off by a cock on the pipe E, Fig. 1835, not shown. Here 
again the operations of removing the carricr und of turning on the vacuum do not sensibly affect a 
following currier. . 

In sending or receiving on the same tube, the upper sluice T. Fig. 1833, is thrown out of use by 
removing the plug G. which conncets it with the rack R, and the quadrant; it is open) d and 
held back by a clamp. The manipulation ia the same as before, except that in sending, after the 
currier hax arrived, the slide is at first pushed back only far enough to close the pressure valve V, 
80 a8 to give the compressed air time to expand in the pipe before the lower sluice is opened. This 
prevents the noise of escaping air. In reeciving, care must be taken not to move the liandle so far 
as to open the pressure valye V. 

At the out-stations, the tubes ferminate in a glass box, with a swinging door opening inwards. 
The door is closed by the pressure of the incoming air, and the air itself escapes through a pipe 
fitted ut the bottom of the box: were it not for this provision the out-stations would be filled with 
air Which hed passed through the pumps. This pipe serves also asa drain to carry off the water 
used to clear obstructions in the fabe: The message tube ir fitted into the top of the box. so that 
nothing ean fall into it accidentally. lutermediate stutions are fitted with the recking -huice. 

Lead has been used in every case exeept for the two tubes between Telegraph Street and Charing 
Cross, which are of iron, These iron tubes have been very troublesome. The leal tubes are very 
slightly danp, andl no ineonvenienee has ever arisen from that cause, In Paris, although the 
tubes are of iron, they do not rust, but little vapour of water is passed through them, and couden- 
sation searcely occurs. Besides this, the tubes are kept clean by the friction of the heavy pistons 
which puss through them, The lead does not appear to wear at all, except in places where the 
pipe has been neidentally indented. 

The employment of lead instead of iron for the extension of the syatem is to be recommended, 
It has been shown to be practically indestructible, the joints of the pipe arc easily made perfectly 
air-tight; it becomes polished by use, thereby reducing friction and the wear and tear of carriers. 
Tron, on the other hand, has been found to rust very quickly, and to destroy the carriers. 

It was proved conclusively by experiment that, with equal lengths, working with equal pres- 
surce, the times of transit of carriers through three sizes of lead tubes were in the following 
proportion ;— | 





Througha3 inchtube 0.006. 6. ue ee ee we 100 
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ond that to effect the transits in those times the power required would be ; 
For the 8 inch tube 2.006. ww wee ee eee «100 
a. ay + ai Sain. “ees A cea oe) ae, | 
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For tho long lines contemplated it was, however, dcemed inadvisable to use tubes of such 
small diumeter as 14 in., and as the time saved by a 3-inch tube waa proved to be small in com- 
parison with the extra engine power required to work it, it was decided to employ 2}-in. tubes for 
all the new lines. The exnot internal diameter of the whole lead tubes is 24, In. 

The tubes are mado in lengtha of about 29 ft. Each length is laid in a wooden trough as soon 
as it is manufactured, so that it may be handled without fear of bending. A. tightly-titting 
peualen steel mandril, attached to a strong chain, is then drawn through it, to ensure the pipe 
cing smooth, cylindrical, and uniform throughout. It te necessary that the mandril should be 
lubricated with soft suap, so that it may not injure the pipe. When laid, the leaden tubes are 
protected by being enclosed in ordinary cast-iron pipes. 

The leaden tubes, straight and smoothed, aro delivered from the wooden troughs to the trench 
prepared to receive them. The iron pipes 1. Fig. 1836, are then drawn over the lead, leaving 
enough of tho leaden pipe L projecting to enable a plumber's joint to be made ; a strong chain is 
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next passed through the length of tube to be joined on, and a polished mandril A, being heated and 
attached to this chain, is pushed half its length into the end of the pipe. The new length of tube 
is then forced over the projecting end of the mandril, so that the leaden tubes, the ends of which 
have been already cut flat by an apparatus made for the purpose, butt perfectly together, and a 
plamber’s joint is made in the usual manner. The tube is thus air-tight, and the mandril keeps 
the surface of the tabe under the joiut as 
smooth us at any other part of its length. 
After the soldering process has been completed, 
the mandril is drawn out by the chain attached 
toi: the next length is drawn on, and the 
preeess repeated. Where it is necessary to 
deviate froma straight line, it is cssential that 
the tubes be laid in vx cireular arc, whose radius 
shall net be less than 12 tt. The same care is 
Necessary in entering the various stations, 
otherwi-e undue friction will arise, and curves 
would be introdueed which might cause the 
carrier to stick fast. ' 

The carriers or pistons consist of a cylindrical box of guttapercha, Fis. 1837, covered with felt 
or drugget. The felt is allowed to project beyond the open end of the carrier in the rear, 18 shown 
at freoe that the pressure bebind causes this portion to expand and to fit the pipe exuctly. The 
front of the carrier is provided with a buffer 4, formed of several pieces of felt, which just. fits the 
leaden pipe. To prevent the messages getting out of the carrier, the end is closed by an elastic 
band+, which can be stretched sufficicntly to allow the messages to be put in. The weight of a 
service carrier is 22 onnecs aveirdapois, Leather has been tried, and although, if properly prepared, 
it nuswers well for iron, it is unsuitable for bead. ‘Phe object in Enyland has been to lessen the 
weicht of the earrier as mueh as possible; but in Paris the mean weight of ua train, consisting of a 
pisten, called the locomotive, and five carriers of iron covered with leather, is 6°6 Tb, 

electric signals are used between the central s¢ution and the outlving stations, consisting of a 
sinvle-stroke be with indieat or, to give notice of the departure and arrival of curriers, aud tu 
ubswer the necessary questions reqtured in working. 

When there are intermediate stations the tube is worked on the block system, as if it were n 
riilway. Experience si.ows that where great exaetuess iio manipulation eaunot be obtained, it is 
Recessary to allow only one train in caeh section of a tube, whether worked by vacuum or by 
pressure. Bat where there is no intermediate station, and where the tube can be carefully worked, 
carriers may be allowed to fellow one another at slort intervals in a tube worked by vacuum, 
although its not perfectly safe te do so in one worked by pressure. In working by pressure it has 
Ieen fount that, notwithstandipg a fair interval may be allowed, carriers are apt to overtake one 
another. Fur no two eorriers travel in the same times, because of differences in fit, uuless they are 

dacrd end tocnd. If signalling be necleeted, anda carrier happens to stick fast, being followed 
e several others, a bleek will cnsue, whieh it wull be difflenlt to char, while the singde carner 
coull readily hive been disdsdged. Provided due care be exercised in the construction of the work, 
juterruption~ of the service are of rare occurrence, except from neglected signalling, 

When carriers stick fast in the pipes, and cannet be moved cither by compressing ar by 
cxhausting the air, the pipe ip Hooded with water, and the carricrs foreed past the obstruction by 
fnere werd pressure. The water tlows off by the drain-pipe atthe distant station. Al tubed ure 
how fitted with a sinall pipe by whieh water may be adinitted if necessary. Ag stoppages have 
been so infreguent, it has not been neeessary to devise any very elaborate menus of discovering the 
locality of a fault. An approximate ilea may be formed from the tune the tube takes to discharye 
itsel! when tilled with compressed air: and when tue fant is not too distant from cither end, the 
slinple expedient of measuring by means of string attached to a carrier has been found sufficient. 
It has iuever been requisite to open a lead pipe to remeve a carricr stopped by any other cause than 
hmaperfect construction or external injury, the position of whieh was known. The iron pipes 
have been more troublesonie, 

A~n rule,on the Coutiuent of FBurape, ench pneumatic line comprises several stations, this 
beiow the mest economical arrangement as regards tirst cost. In souie cases the tubes form a con. 
tinueus cireulor line, in which the trains or earners travel in one direction only; the stations 
beeoming either the sturting-polnts of fresh cirel)s, or of direct sinwle lines. In Paris the vreater 
Poot of the stations are grouped in circles, but power is provided at every station so that cach 
rection makes a distiuct ne. Dy these means the transit is comsiderably accelerated, but at a gerent 
cost. ‘Tie ling between the Bourse and the central station is direet, aud two, sometinios three, 
Carniers ure pertnitted to follow one another: but on the circular Lines the trains only ron every 
fifteru mintites, so that a comparatively smell pumping power is reqnired, there being time for 
reemuniation. “Phe delay aneing from this system would be fatal to the traffie of large towns in 
Great Britain, for it is obvious tuat if a message urrive but a second after a train has started, it 
tuay be twenty, or even twenty-five minutes in reaching its destination, even if lying in the same 
errele, Nor ean many stations be included in the same circuit, but the communication between the 
ecutral station and the more important branch or outestations must be direct. 

The public is perhips exacting an its demands for specd, and nover thinks of the cost. To 
colnet the mes-ave trate with the despatch demanded, every couse of delay, however anal), must 
be cluainated, whether it oecur in the transfer from the receiving office to the instrument room, on 
the wore iteel!, in the delivery, or in the puoumatic tube. A delay of even ten ininutes would be 
fiital to the: Metropolitan traflie, so that where this limit ix approached the tube must be replaced 
hy the wire, Now when the sume tube serves two OUl-stations, the time occupied by the carrier in 
riaaiueg from the central to the nearer station is increased by the addition of the tube to the 
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farther station. Other causes of delay are ulso introduced; for instanee, that of sorting the 
messages, and of removing at the intermedinte station those intended for that station. In a circular 
system, including several stations worked with a eontinuous current of air, the tube is still further 
lengthened, and the speed reduced. There is also this inconvenience ; if A, B, C, and D are four 
out stations, connected by a circular tube starting from and terminating at the central office, and if 
the direction of the air current is from A to D, then a message from the central office to D must 
pass through almost the entire tube, subject to the diminution of speed due to the lengthened tube, 
and to the delay caused by the arrangements for working the more complicated system. Where 
despatch is not of paramount importance, the circular system has advantages, by giving conmmunica- 
tion & ‘twecen cach station on the route. In London, however, the traffic is almost entirely to und 
from the central station. 

The transmission of a carricr from one end of a tube to the other, is cffected by the expansion of 
the denser air, which enters the tube during the interval between the moment of starting and 
the moment of exit of the carrier. 

In pressure-working, each transit costs exactly the force necessary to produce this volume of 
compressed air, whilst in vacuum-working each transit costs the force necessary tu expand a cor- 
responding volume of air at atmospheric pressure. ‘his is obviously the case, because when the 
carrier arrives at the end of its journey, the tube has been filed behind it with just this volume of 
air at the higher pressure ; and this volume is less thun the whole volume of the tube by just so 
much as the air has expanded. 

The absolute work F, stored up in a unit volume of air at the effective pressure hk, is that 
exerted to compress it from p, to p,, or that which it will return in expanding from p, to p,, through 
the distance y, as hus been already shown by Zeuncr, 
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In which n = 1°408, the relation between the specitie heat of dry air, when maintained ut a 
constant pressure and when maintained at a constant volume. For | cub, ft. of air at 7,, the work 
f, effected by it in expanding in the tube tu /,, is therefore 


_ bays ea) ; 
I = ol J ie ry ‘ wos fot Ib; 


p, and yy, being in Ib. a square inch, assuming that the air in expanding docs net take up any heat 
through contact with the ¢ube. 
luserting the numerical value of a, the work of I cub. ft. becomes 


ga asz-op, t(, — 28) OP | fout Ib, [lug. 352°9 = 2°547703; (2) 
« e | ~ p f- ee . io ~~ 34 wo t 3? 


p, is always the greater pressure, and p, the lesser, 

When pneumatic tubes are worked with compressed air, p. is atmospheric pressure (14°79) ; 
but when worked with vacuum, », becomes the atmospheric pressure, 

Air passing through a tube expands as it goes on from the higher to the lower pressure, the 
expansion being nearly regular, Supposing that it neither gives to, nor tukes from, the purface of 
the tube any heat, it would follow from the above that 

x 


as ee a (")s : 
=. nu ? 
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s, being the velocity and ¢, the volume of the air na tt enters, and s, the speed and r, the volume 
as it leaves the tube. p, the higher and », the lower pressure. 

Then if it be assumed that the pressure in the middle of the tube is a mean of the pressure at 
the ends, the velocity of entry of the denser air aud the velume of it which enters between tho 


starting und exit will be respectively 


1 
= (PEP), ’ (3) 
2) 
and 
9 omer Ps ae t 
t, = o( ip) (t) 


The cffective work stored up in the denser air which enters the tube during the transit is 
expended in accelerating the speed of the carrier and the air, and in ovcreoming their frictions agaist 
the sides of the tube. 

The work A, expended in accelerating the air will be 

ter s,? 5 
= —=-— ,... foot Ib; (9) 
2g 
s, being the velocity of greatest motion, and g the terrestrial acecleratrix = 32°2, both in fect 
uw second, and w the mean weight of tho whole of the air which moves in the tube during the 
transit, in Ib. a cubic foot. 
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If the weight of the carrier in the tube be W Ib., the work, B, of accelcration is 


2 
B=W-*_.... foot Ib. (6) 

2g 
After allowing for the work spent in acceleration of the air and of the carrier, the remaining 
work applied to propel them is, of course, consumed in overcoming their resistances to motion. The 
mechanical effect, C. absorbed by resistance.to motion of air in passing through a tube of the length 
‘feet, and diameter d feet, has been found to increase directly as the length and inversely as the 

diameter of the tube. 


: i st 
Cm Furr. .... foot Ib; (7) 
d 27 


s being the mean velocity of the air in the tube. 

The expenditure of power in overcoming the resistance of air to motion is more important than 
any of the rest, amounting in general to at least ten times all the others put together. There 
exists no definite and satisfactory determination of the valne of the constant of frietion & which 
probably varies slightly, not only with the diameter, the material, and the condition of the surface 
of the tube, but likewise with the density of the air which is passing through. Experiments to 
deterinine its value have been made by Girard, D'Aubuisson, Buff, Pecqueur, and others, who 
give a mean value to it of @:02.) This value agrees with experiments with the lead tubes laid 
down in London, which are worked with felt earriers, and which have become to a grent extent 
polished by continual passage to and fro. For the lengths of iron tubes, which appear, from the 
wear and tear of the felt carricrs, to be exceedingly rough and wet, the value of this constant, ¢, 
appeurs to be about 0-028 or 0:03. 

Lastly, the work D, consumed in friction cf the carrier is 


D—= ph Wi.... feot Ib., (8) 


in which p is the enefficient of friction to motion between the material of the carrier and that of the 
tube. In some experiments with felt carriers it was found that the average weight waa 2} o2z., 
and that the friction to motion when in the tube was 1} oz. The value r, «x ¢ foot Ih. of work is 
therefore balanced by the items of expenditure (A + B+ C+ Dorr, 7 = A+ B+4+C4+ Dyin 
which r, = volume of denser air which enters the tube during the transit. 

Setting the algebraical values in this equation 
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In practice the friction of a dry carrier in a polished metal tube is so little, and the weight is so 
trifling. that Loth may be omitted without appreciable error. 
The last equation then takes the form 


a = } + I's i 
Ae ’ o, cs 
a 2 q : Z 
: , a ea I 
wr mete) n+ G-—1r..,. fect a see. 
2 ps al 


And when the tubes are very long in comparison with their diamcters, that is to say, when the 
cngth excecds 5000 times the diameter, in practice the formula may be written thus; 


a ; : 
fos (’ 5 
ss >) wns As - 
2y je + feet a gee. ; (19) 


Ew: 
or numcrical constants inserted for lead tubes ; 


d P\t fr, eae 
— Mere : i Cae bees +, od? Lod 
s = 56°7 (5) (-) ‘ons )i -... feetasec. (log. 56°7 = 1°75875), (11) 
which is equivalent to neglecting altogether acceleration and also friction of the carrier. In other 
words, for light carriers moving in polished tubes, the air is assumed to muve with the same 
velocity whether a carrier is in the tube or not. 
Lhe time occupied by the carrier in passing from one end to the other ia 
i 


i= Bes seconds ; 


therefore, for lead tubes, 
wy i fl & Zp 1 
t = 0°0176(—)}* —-- (2h. _ = ‘ONT = 2° 2465 y 
017 3(5) we sia) +++ seconds, flog. 0-0176 = Z-24625). (12) 
The weight of u cubic foot of air at 20° Cent. is 0-07533 Ib. at mean barometric pros#ure. 
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If tho pressure p, lb. a square inch acting on a body of air, each cubic foot of which weighs 
w, lb., be suddenly changed to p, lb., the weight of a cubic foot will be changed to w, lb. 


w, = w, (a): ...e Ib. (13) 


If before the transit of a carrier the pressure at each point in a tube corresponds with the flow 
of air due to the end pressures, as in continuous workiug, and if during the transit the latter are 
kept constant, the mean specific weight w of ull the air may be assumed to be practically 

eR lh sk | (4) 

But if, as in intermittent working, the tube, to begin with, be filled with air at atmospheric 

pressure, the mean will be lower or higher than the meun corresponding with the end pressures, 


according as the tube is worked with pressure or with vacuum. For pressure-working the mean 
specific weight may be then taken as 


isk iss 





. Ib. (15) 
For vacuum-working, 


um se aad oases Se Ib. (16) 


These mean values, it should be understood, are only approximations, the actual specific 
weights being affected to a great extent by accidental causes, such as the temperature of the tube, 
the resistanee offered by curves, and the like. 

To ascertain the work donc in maintaining compressed air in the main or container, let the 
stroke of the piston of the pressure pump be from D to O, Fig. 1838; let the pressure of the 
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atinosphere with which the cylinder is filled at the commencement of the stroke be p,; let the 
required effective pressure A, actual pressure = 4 + pp, = 7. be reached when the piston arrives at 
IB; and let the piston, in travelling the remaining distance B O, transfer the compressed air from 
the cylinder into the container. 

The air at the commencement of the stroke is already compressed to what is called atmospheric 
pressure, therefore each cubic foot already contains a certain potential energy, which is the work it 
would exert fally if expanded into an absolute vacuum. 

When the air is further compressed its potential energy is increased, and the difference betweeu 
the two potentinls ia the work it can perform in expanding between the two pressures. This 
difference of potentials, or acromotive power, is represented by the arca A BCD, of which the area 
BDC E hna been done by the superincumbent atmosphere, and must be subtracted from the whole 
energy of the unit volume of compressed air between the two pressures. in order to find the 
effoctive energy which the compression costs. In other words, when a cubic foot of compressed air 
has been produced by a pump, the pump has not done all the work which is stored up in it, because 
the greater part of this work has usually been done by the presence of the atmosphere. 

The absolute work F is represented by the arca A BDC. 

The effective work by the aren ABDC —- BDCE=AEC. 

The absolute work F is by formula 1, 


r= f- (2)3" .... foot Ib, 


nun — 

and since Py +1)" =P, 

the length y= { Py )e- l \, 
; Py 


and the area E BDC; the work done by the atmosphere is 
-f(™\2_ \ 
YP: = { ye 1 PP, 


Therefore the cffective work done in compression by the pump is 


F-ym=,"5-@ ae, -{ ai —i}ie (17) 
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Now this difference is the work which has been performed in driving the piston only to the 
elo B, that is to say, until the air has reached the required pressure p,. It has still, however, to 
e driven into the container, and to do this the force 4 lb. must be cxerted through the distance 1. 


For each cubic foot of compressed air, therefore, 
the absolute work done, /, is :— 


fous [ i" {1- Be) } «+ foot tb 


1 
The work done by the atmosphere = a = 144 { (?:); ~ 1}p, foot Ib. 
2 


Difference of these = the effective work done in compressing (f — a). 
Work done in driving compressed air into contuiner = 144A. 
Total amvuunt of effective work E, done after forcing into the main 1 cub. ft. of compressed 


air = 





E = f—a+ lith.. .. foot lb, 


Pi fe plait Pr, 3 ys 
E = 144 {1 — ak }-{ et a1) +i]; 18) 
n— 1 P; Ps a ( 
with the numerical values of constauts inserted— 
14°75\ 79 P, 
53 p nny (geeieeonis — 2124 om 
Sue) s { (its 
The engine power required for each cubic foot, a minute, of compressed air maintained in the 
main or container at an actual pressure p, is therefore 
faa + 148s P 
33000, ce 2 @ @ H. e 
If in a tube, whose diameter is d feet, the mean speed of a carrier is s feet a second, the volume 
of compressed air required a minute will 


or 





Ti 
= 1} + 1444 foot Ib. 





0°7854 d* x 60s x (AS); .... cubic feet. (19) 
i 
And the engine power required to do this is 
feat lith > ( a Ps). H.pP ; 20 
35000 x (0°7854 d? x 60s) x ea (20) 


The operations of the vacuum pump are similar. 

When the air in the main has ouce arrived at the state of rarefaction at which it is employed, 
the lines connected with it admit u continued tlow of air, which expands ax it comes along to the 
tubes, and enters the pump with nearly the larger bulk due to its diminished pressure. The 
problem, therefore, resolves itself into compressing this expanded air aguin to the pressure of the 
atmosphere, and delivering from the pump the same weight of air a minute as thut which under 
atmospheric pressure enters the tubes ut their farther ends. 

Tie effective work E’ required for cach cubic fout a minute of air entering at atmospheric 
pressure ls therefore 

oy) 14-7 \"¢ 
EF’ = 144 [36-1f1-(,%,) fom ——) -1f+a]...- foot Ib. 
144 [36 1{ 1a) SoM (= 14 00 
If the mean speed of a carrier is s fect a second in a tube whose diameter is d feet, the volume 
>of atmospheric air a minute admitted at the further end is 
i 
V, = 0°7854 d? + 60s x (ur Ps), ....cubie fect. 
i 
The engine power required a minute for this tube is therefore 


rE’ x V, 
“ao00 °°" ILP. (21) 
and the engine power calculated from the volume of expanded air is 
*, Pe x #3 
ake (ia) oe EP. (22) 
33090 


The volume a minute, at the effective vacuum /, actual pressure A, an it passes through the 
nain and the vacuum-pump, on the assumption that it dves not become heated from contact with 
‘he tube, being 


1 
V, = 0°7854 d? x 60s x (me), .... cubic fect. 
3 
The tubes employed in the Paris pneumatic system, to which wo have already briefly referred, are 
of wrought iron, in lengths of from 15 ft. to 20 ft., the joints being made by means of flanges and 
solts, as in k 1g. 1839, ‘The interior diameter of the tube is 2:559 in., with a maximum variation to 
2°519 in. The curved portions have radii varying frum 30 ft. to 150 ft., and the proportion of 
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curved to straight is about one-seventh. The tubes are laid in the ground at an average depth of 
39 in., and with but slight inclines, except at the stations, where the tube enters at the basement, 
and is curved upwards, with a radius of from 6 ft. to 18 ft., and terminates vertically to adapt itself 
to the recciving and transmitting apparatus. Where possible the tubcs are laid. in the subway 
undcr the streets, against the sides of which they are supported by brackets 5 ft. or 6 ft. apart. 

_ Water frequently accumulates in the lowest parts of the tubes, interfering with the traffic. 
Fig. 1840 shows the colluctor upplied to the tube to remove this inconvenience. It consists of 


1839. 1840. 1841, 1842, 
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a small chamber fastened to the tube in such a way as not 
to interfere with the passage of the train; the water passes 
through the opening P, and when the chamber is full it 
can be em ified by removing the plug Q. These collectors 
are placed in convenient places along the line, whcre 
they ure easily accessible. The pistons, Figs. 1841, 1812, 
are formed of a thin iron plate wrapped around a wooden 
cone, through which passes a rod with a screw thread 
cut at one end, this receives a nut to hold the plate 
tliat keeps the leather, which is notched around its edge, 
in position, The weight of the pistou complete is 12°8 oz. 
The curriers employed to hold the despatches, Figs. 1843, 1844, are cylindrical, the outer sheath 
is made of leather, and the inner of sheet iron. Each carricr can hold from thirty to thirty- 
five despatches. It is found that the combination of leather and iron quite protects the contents 
from dainpnese and inpurities in the tube, and the leather Suyerore will run for about 1200 miles 
before it has to be thrown aside, The iron portion lasts for an indefinite period. The weight of 
cach portion is, for the leather, 2:3 oz. ; for the iron, 6°4 0z.; and the carricr complete, and charged 
with thirty-five letters, weighs 12:5 oz. 
The following is a list of dimensions of the tubes, pistions and carriers employed :— 





1843. 1844. 


inches. 
gi Standard diameter inside oe ee )62° 559 

satis Straight. { Minimum —,, . see 2°5197 
: Curved Standard ” 9 oe oe 2°559 
‘ead sia \ Minimum _,, “ rar © 9 | 
: Dinmeter of head 2. ww www 2 BGZ 
Pistons. { Longth ,, a siete. ee. oo BE O4S 


Caries Outside dinmceter <j -ly .ue. “ee “2eVes 
. "* \ Length rT eT eer er ee be © t 


In Figs. 1845, 1846 aro shown the arrangement of the two stories of a typical station; the 
reservoir C, pumpe BB, turbines TT, and other accessories being on the lower floor, and the 
atiices O, receiving and transmitting apparatus F F, and messc ners’ room M, above. In some cases 
the vellars ure made use of to receive the reservoirs, the water being coe in from the strect main, 
or, if necessary, cellars separated from the station building are employed. 

Two classes of receiving and transmitting apparatus are employed in the stations, vertical and 
horizontal, the latter being preferable if space permits of its installation. The vertical arrange- 
meut is shown in Fig. 1847. The tube A is a vertion! extension of the pneumatic pipe T. The 
door P, placed at the bottom of the tube A, serves to introduce or remove the carriers and piston. 
The two cocks, R and R’, controlled by the bandle m, are arranged so that when one is shut the 
other is opened. These catablish communications cither with the atmosphere or with the com- 
ressod-air reservoir, according to whether the apparatus is recciving or transmitting despatches. 

nh the former case the cock R is closed, and BR’ 1a opened, and the air in advance of the train 
cecapes, the train risca into the tube A, strikes against the top, and then descends until it is 
arrested by the fork F, placed in the open door P. The cases are then removed and placed in ao 
basket C for distribution. Lf, on the othor hand, a train has to be transmitted, the carriers and 
istons are placed in the tube through the dvor P, which is then closed ; the cock R is opened and 
t’ shut, and ¢he compreased air from the reservuir propels the train to its destination. ; 

The horizontal apparatus consists of a conical box mounted on cast-iron brackets. The carricrs 
travel from the tube into tho furmer, and are removed by operating a lever, which releases the 
hinged Hd covering the upper part of the box. In transmitting, the carriers are inserted in the 
tube through the door, which ia then closed. A oock at the end of the apparatus places the box 
and tube in conuection with the pressure or vacuum reservoir. In the forwa rt of the 
apparatus is a valve, operated by a Landwheel. This valvo is used to cluse the line for different 
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requirements of service. Special receiving and transmitting apparatus aro used at intermediate 
stations where no compressing machinery exists. Thus, suppose there exist three stations, A, B,C, 
of which B possesses no motive power. It is necessary, therefore, to depend upon the power at ono 
of the terminal stations for the transmission. In working, the carriers at B must be removed and 
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replaced by others, and the new train forwarded to A or C, according to circumstances, The 
apparatus employed for this edd are is shown in Figs, 1848, 1849. When the train is forwarded to 
A, the air in front escapes t irough the opening c, the valve 6 being open as well as the valve a. 
The train having entered H, it pa the spring r, and closes the valvo 4, which is held in its 
new position by the counter-weight o. The screw d is then moved, so as to close the tube 4, The 
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cover A of the box may then be raised, and the train removed without loss of air pressure. This 
being done, the door f, Fig. 1849, is opened, the carriers and piston of the new train introduced, the 
compressed air is transferred to the new line by the valve RB, and the train is then transmitted 
to station C. 

Fig. 1850 is one of the moans employed for producing a vacuum or compression to work the 
tubes. In producing compressed air, the water is admitted into the reservoir A, and forces the air 


1850, 





contained in it into the reccivers B RB, cach of about 215 cubic fect capacity. The apparatus is 
placed on the ground. floor of the station ; and between the orifice V’ of the discharge pipe V V’ and 
the point where the water is discharged, there is a difference of level ranging between 13 ft. and 
26 ft. The pipe V’ ends in a receiver in the sewer. With a difference of level of 16 ft. or 17 ft., 
the power at command in the reservoir will be about half an atmosphere ; and when placed in con- 





nection with the tube, the train of carriers will be put in motion by 
the difference of pressure due to the atmosphere on one side, and the 
partial vacuum on the other, The ordinary dimensions of the receiver 
A, and the head of watcr ranging from 13 ft. to 26 ft., are sufticient 
to give a norinal speed of from 1400 ft. to 2000 ft. a minute; and 
this duty may be increased by taking away a further quantity of air 
in the reservoir with the escaping water. The supply pipe for filling the reservoir from the water 
main ia shown at H; BR are the compressed-air chambers, and U is a cock for regulating the com- 
munication between them. E E’ are the vertical receiving and distributing apparatus; R' R’ are 
pressure and exhaust valves; M is up clectric bell, and 8 is a check valve; ¢ c’ are the receiving 
columns; fy are the pneumatic tubes; mm is the pipe communicating between the reservoir A 
and the receiver B; g pare the pipes leading trom the receivers to the reception apparatus. A 
modification in this arrangement is shown in Fig. 1851, where 
the exhaust pipes are connected by a pipe dm, and cxtended to 
the reservoir A. The cocks R and BR’ are not coupled, but are 
worked indeyendently, R for transmission under preasure, R’ for 
rneeption by vacuum. In this arrangement, when the apparatus 
is dulaved for reception by compressed air from the adjacent 
station, tho air is exhausted by one of the openings P P. 
Fig. 1852 representa a vertical apparatus, in which, by means of 
the pipe z, loa by the cock K", the air in advance of the train 
can be liberated into an underground cellar, 

Considerable economy in working has been effected by 
employing a jet to draw in air for ob arte § with compresiiun. 
Fig. 1853 is the arrangement, in which P is a reservoir of 
282°5 cubic feot capacity. The water arriving by the city ; ; 
main passea through the opening O into the apparatus R. This apparatus is provided with a 
valve 8, for preventing the cecape of the compressed air in the reservoir P. With a hoad of water 
of 28 ft. a quantity of air ual to 0'465 of tho volume of water may be drawn into the reservoir ; 
and the final pressure of air obtained was 1°21 inch of mercury. This syetem possesses great 
ndvantagea, By simple dieplacemeut, a volumo of air at atmospheric pressure, equal to the volume 
of water removed, is obtained ; but by the addition of the induced current arrangement, a volume 
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equal to 1-465 results, representing an economy of about 32 per cent. Figs, 1854, 1855 show the 
complete arrangement as desizned for a station. The compressed-air reservoir is at P, and if may 
be fed by the direct introduction of water from the hydrant A by means of the cock R. When the 
injector is used RK is closed, and the valve r is opened. The water then passes by the tube CCD 
into the box E, and the water is discharged into the tubes 'T. In Fig. 1855 six of these tubes are 
shown to represent the proportion necessary between the amount of discharge and the size of the 
receiver P. The box E is connected to the box H by the bars GG, the box H_ receiving the water 
and the induced air which pass through the valve box I and pipe K into P. By means of the 


1856. 





bar GG the position of the box E, with reference to the 
mouthpiece ‘TT, may be regulated, so as to obtain the 
best result. As well aw the modes already indicated, 
the water has also been utilized by means of turbines 
used to drive double-acting pumps fer compressing or 
exhausting the air. With a fall of 3o ft. 6 in., the 
turbines employed, which are 23 in. diameter, make 
245 revolutions a minute, and discharge 1°72 cubic foot 
a second when the maximum number of ten ap nings are 
supplied. The speed of 245 revolutions is brought down to 22 at the pumps. In the plans of the 
station, Figs. 1845, 1846, this arrangement 1s shown, and may here be ayain referrd to. The base- 
ment contains the turbines T, and the pressure and vacunm reservoirs C and D. The water 
pressure throughout Paris is of course uncqual, and at some high stutions steam power is resorted 
to of neceasity. 

The practical working of the pneumatic system of Paris may now be briefly considered. The 
carriers forming the train are made up, addressed labels being affixed to the carriers destined for 
each office. and circulation commences in fall activity at 8 aot. Fig. 1856 is a dingram of the 
system, the arrows indicating the directions of the traffie. On the close polygons of the circuit, the 
trains are worked alternately in each direction for three months, to remove any obatruction 
which might otherwise accumulate. In winter the trains are more soiled that in suminer; the air 
from the station being heated, deposits the vapour with which it is saturated in the tubes. This 
inconvenience is partly removed by establishing the air reservoirs in cellars where the temperature 
is low. A train on being sent from O arrives at station 8 with the forward carrier filled with 
despatches for 8 and its district, the remaining carriers being for stations 6, 7, 10, 9 The firet 
carer is removed, and another takes ita place, containing the despatches collecte | at station 8 or 6, 
7, 10, 9, which the previous train from circuit G has brought there. The newly made-up train is 
then forwarded on the 8-1) line, and so on ronnd the cirele back to O, the operation describud being 
repeated ot the stations 11, 12, 13,14. The train service ix contralled by means of the official in- 
structions relating to the actuul times of arrival and departure. This time-table, and u plan of 
the circuit. to which the station belongs, as in Fig. 1857, is hung on the wall of the offiee.  ¢ July 
the times of departure are given, the periods of arrival being deduced. By the formula H + C, 
where H ie«the time of departure fromm the cential bureau ©, and z a constant time for. * 
station, the moment at which fny train, the number of which is known, will pass, is 
asecrtained. Exact accord of time between the stations ix necessary, and clertrie communication 
ix established over the whole system. Returning to Fig. 1856, at etation 11, it will be sven that 
three circuits, P, KE, D, centre at this point, which is consequently of high importance. Threo 
trains, from 11-12, 23-12, aud 18-12, are received and transferred bere in the manner already 
described. To take an example, a despatch left at station 10, at Hh. 35m. a.m., to bo delivered in 
the district served by atution 18, is sent on by a4 train leaving O at 9h. 80m., and quitting station 10 
at 9h. 37m. The omnibus carrier of circuit G leaves it at station 8 al 9h. 41-5m. The message is 
then transferred to the omnibus carricr of circuit P, and reaches station 12 at Sh. $1°5m. There 
it is placed in the similiar carrier of circuit D, and reaches station 18 at 9b. 54m. Delivery of the 
despatch is made fifteen minutes later. 
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: g of the tubes is the removal of obstructions whic! 
from time to time, causing not unfrequently serious inconvenience and delay. The scat porerat 


cuuse of obstruction is a stoppage of the train arising frum accident to the tube, to the carriers or 
piston, or to the transmitting apparatus, Tn such cuses the delay is generally very brief, it being 
for the most part sufficient to reverse the pressure on the train from ‘i 


: ee ie next station, and to drive 
it back to the point it started from. If one or more of the carriers break in the tube, reverse 


pressure is also generally sufficient to remove the obstacle; but where this fails, the point of 
obstruction must be ascertained. This is dune by carefully observing the variations of air pressure 
in tho reservoir, when placed in connection, first with a line of known length, and then with the 
obstructed tube. By this means the position of the obstruction can be ascert ined within 100 feet. 
Or the vube may be probed with a Jong rod up to a Jength of 200 fect. A very ingenious apparatus 


Intimately connected with the workin 


by Ch. Bontemps, Fig. 1858, is employed to ascertain the exact position of the obstruction. It acts 
1867. 
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by the reflection of sound waves on a rubber diaphragn. A small metal disc is cemented to the 
rubber, and above this is a pointed screw D. An electric circuit is closed where the points C and 
D are breaght in contact. ‘To lecate an obstruction a pistel is fired into the tube as shown, and the 
resulting wave traversing the tube at the rate of 330 metres a second strikes the obstruction, and is 
then reflected against the diaphragm, which in its turn reflects it to the obstacle. whence it returns 
to the diaphragm. By this means indications are marked on the recording cylinder, and if the 
interval of time betwoen the first and second indications be recorded, the distance of the ubstacle 
from the membrane is easily ascertained. The chronograph employed is provided with three puints ; 
the first of these is placed ina circuit, which is closed by the successive vibrations of the diaphragm ; 
the second corresponds to an electric regniator, marking seconds on the cylinder; and the third 
subdivides the seconds there marked. Fig. 1859 indicates a record thus made. In this case the 
obstacle is situuted at a distance of 62 metres, and the vibration marks thirty-three oscillations a 
second, The interval occupied by two successive marks from the diaphrazm on the paper, corre- 


sponds to twelve oscillations, and the distauce of the obstruction is then calculated by the following 
formula ;— 


9° 
D= 5 x 380 x 25 = 60 metres ; 


eo that the distance of the obstacle is recorded within 2 metres, 

Amongst the special causes of accident may be mentioned, the accidental absence of a piston to 
the train, breaking of the piston, and the freezing up of a piston in the tube. 

PUMP. 

Binke's steam pump posaerses several novel features, the leading one being a combination of two 
lide valves which ronder the action of the pump positive and continuous under any pressure, and 
working at any rate of speed, fast or slow. 

Fig. 1864 is a hongitudinal section of the Blake pump, as made by 8. Owens and Co., London, 
Fig. 1862 being a section and plain of a secondary cylinder which contains an auxihary piston for 
actuating the main vaive, whilst Fig. 1S63 is a half-end elevation and cross-section of this cylinder. 
Fig. 1860 is a plan, elevation, underside view, and the upper part of Fig. 1861 an end elevation of 
the unxiliary valve; the two lowest sections in Fig. 1861 being sections of the main valve. Both 
the main and auxiliary valves are plain fat slides, the main valve being a commou D valve and the 
auxiliary a valvo of the form shown. The latter, being attached to a red which receives an impulse 
from the main steam piston, ia moved with the same absolute certainty as is the slide valve of an 
ordinary engine driven by au cocentric. The secondary cylinder is mounted on the primary or main 
cylinder. The ortinary epring-ring steam piston, which it contains, drives the main slide valve 
which works on the upper face of the auxiliary valve. This valve has three ports of equal area, 
which oorreapond in every position with the ports of the main cylinder. ; 

In working, if the main piston should attain a velocity in excess of the piston which actuates 
the main valve, the piston strikes the tappet, Fig. 1864, projecting through the cover into the main 
cylinder. By this moans a lead ia given to the main valve, stuam being thereby admitted in front 
of tho piston forming a cushion, aud giving steam to start the piston on its return stroke. It will 
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be observed that the auxiliary valve has two slots cut in its underside as in Fig. 1860. These slots 
communicate with the main exhaust passage, and also give steam from the valve chest to both ends 
of the auxiliary, or main valve piston, alternately. The result of this is, that directly the auxiliary 
valve is thrown over by the action of the tappet rod, steam is given on one side of the auxiliary 
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piston, and exhaust takes place on the other. On the opposite side of the auxiliary valve, the upper 
side in Fig. 1860, another slot is formed, which at the right moment cnables a small quantity of 
steam to pass to the cxhaust side of the auxiliary piston,and so to form a cushion to prevent 
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it striking the cyiinder cover. In these combined operations no waste of steam occurs, ns it ts 
retained, and gives out its useful effect on the return stroke. 

The result of this ingenious combination of valves is a perfectly continuous action without 
dead point, and unassisted by extrancous means. This 
is attained without any complex internal arrangement, 
and without the presence of parts which are liable to 
get out of order. Of the excellent working of the 
Blake pump at extreme ranges of speeds, the following 
experiments arc a proof. A 5-in. pump with an S-in. 
steam cylinder having a 12-in. stroke was started to 
work at 155 single strokes a minute, and the spred 
was varied down to 25 strokes. It was then again run 
up tos high speed and suddenly set, with the delivery 
throttled to represent a head pressure of water of 
230 ft., and with an average steam pressure of 40 Ib. 
to run at the rate of one stroke in twelve minutes 
or five strokes an hour, delivering water throughout. 
We thus have a piston speed of 1 iu. a minute or 5 ft. an hour, and a continuous delivery of water. 

It is needjess to observe that such a slow speed as this could not possibly be required in practice, 
but it illustrates the reliability of the pump either in quick or sluw working. 
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Tho principal details of the steam pump devised by W. Walker, and made by Clayton, Son, and 
Howlett, of London, are indicated in Figs. 1865 to 1867. Fig. 1865 is a side elevation‘of the pump 
with the steam cylinder in section; Fig. 1867 being a transverse section through the centre of the 
cylinder at A; and Fig. 1866 a similar section through the end at B. Although, from the descrip- 
tion, the pump appears somewhat complex, it is not really so, there being but two moving parts, if 
we except the pump vulves. 

The piston is formed with two heads connected together by a barrel, the heads being packed and 
fitting the interior of the steam cylinder. At about the centre of the length of the cylinder is an 
annular partition in which tle barrel slides steam tight. A key fixed in the partition and enter- 
ing a groove formed in the barrel prevents it from rotating. The steam cylinder is formed with a 
chamber above it, which receives the slide valve. The valve consists of two parts, which are con- 
nected together by a link. The two sections of the valve are formed with passages, which serve to 
establish communications for the flow of steam, from the annular spaces between the piston barrel 
and the cylinder to the ends of the cylinder. The valve has recesses which at the proper time 
establish communications with the exhaust passages. The valve is not required to be quite steam- 
tight within the chamber, and therefore is not packed. Steam is admitted to the central space 
between the two sections of the valve through an opening at the top, as indicated by the arrow, and 

rt of the steam finds its way by lcakage into the end spaces of the valve chamber. A passage 
ormed in the cylinder casting extends from the left end space of the valve chamber, toa port formed 
in the central partition, as represented by the dotted lines in Fig. 1865. A similar passage extends 
from the right end space to a second port formed in the partition, but as the passage is formed in 
the part which is cut away in Fig. 1865, it does not appear there. 
wo passages are formed in the barrel, in such a manner and in such positions as that, when the 
piston approaches the termination of its stroke in cither direction, one of these passages will connect 
either of the passages secn on the left and right hand of the barrel in Fig. 1867, with an upper 
passage which extends into the exhaust. The effect is, that steam will flow from either of the 
spaces at the ends of the valve chamber into the exhaust, and the equilibrium of pressure upon the 
ends of the valve thus being disturbed, the valve will be moved in the direction towards the space 
which has been so exhausted. Supposing the parts to be in the positions, Figs. 1865 to 1867, high- 
preasure steam would be passing through the port to the right of the central annular partition, into 
the annular space at the fore end of the piston, and at the same time the steam, which had acted 
during the immediately previous stroke, would be passing through the port and passages to the 
left of the annular partition intv the space next the cylinder cover in which the steam would 
expand, and the piston would, therefore, be propelled in the direction indicated by the arrows in 
Fig. 1865, the exhauat steam flowing from the front end of the cylinder into the exhaust passage. 
The movement of the piston in this direction would continue until the piston had moved into posi- 
tion to connect the left-hand and upper passages, Fig. 1867, when steam would puss from the icft- 
hand space in the valve chamber into the exhaust passage, und the excess of pressure within the 
space at the other end of the chamber, would force the valve towards the opposite end. 

The effect of this movement of the valve would be to open the port on the left of the annular 
partition for the admission of high-pressure steam into the annular space on the same side, and 
to establish a thoroughfare for the flow of expanding steam, from the annular space on the other side 
through the passages above it into the space in front of the cylinder, the passage near the cylinder 
cover being made to communicate with the cxhaust passage, whereby the reversal of the direction 
of motion of the piston is effected. A starting handle is provided in order that the valve may be 
worked by hand when the pump is to be set in motion after being at rest. The handle is mounted 
ona rocking shaft on which a lever is fixed which gives motion to the valve when the shaft is rocked 
by means of the handle. The pump itself possesses no special features, being of the ordinary form. 

These steam pumps, it is stated, effect a very marked economy of fuel. They work high and 
low pressure expansively, and will deliver a constant stream of water at any ordinary height. 
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Figs. 1868 to 1871 are of one of Hayward Tyler and Co.’s “ Universal” steam pumps, with the 
slide valve arranged on the outside of the cylinder. Fig. 1868 is a vertical longitudinal section 
through the cylinder and valve chest; Fig. 1869 a horizontal longitudinal section through the 
valve chest; and Fig. 1870 a cross-section through A B, Fig. 1868. Fig. 1871 is also a orogs- 
section of the valve chest taken through the centre of the exhaust port. When the main piston 
passes over the ports X X’ in the cylinder, steam is admitted to the ports Y Y’ in the main slide, 
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which ports again communicate with the small slide through the ports Z Z' to either end, as the 
case may be. The small slide is then moved over, and supplies steam to the alternate ends of the 
main slide, and the ports Y Y’ are placed in proper position for the return stroke; when the move- 
ment is reversed the same process is enacted, the ports X Y Z or X' Y’ Z’ come into use alternately, 
as the piston passes to the ends of the cylinder. The exhaust of tho small slide is effected in a 
similar manner, by its ports coming into alignment with a port in the main exhaust This 
pump works well, und reverses slowly at the end of its stroke, allowing time for the valvos to fall. 
It also enables a given length of steam cylinder to accommo- 
date a longor stroke than is possible with the ordinary 1870. 1871, 
arrangement, and some, in addition, enable the valve to be ; 
worked by hand if required ; this is at times a convenience. 

Figs. 1872 to 1874 are sections of the steam cylinders of 
Cherry’s compound steam-pump, made by ‘Tangye Brothers, 
Birmingham. ‘The low-pressure cylinder B surrounds the 
high-pressure cylinder A, the low-pressure piston bein 
annular, and having two piston rods which are attach 
to the same crosshead as the rod of the high-pressure 
cylinder, which is fitted with a liner, the space betweon 
ute Der and the cylinder forming a steam jacket from which heat is radiated into both 
cylinders. 

‘ The distribution of steam to both cylinders is effected by a single slide valve c, the passages for 
the high-pressure cylinder being formed in the oylinder covers, At the ends of the valve chest are 
short cylinders a and 6, containing pistons which are both cast in one piece with a connecting bar 
having steam passages formed in it. From this bar a cylindrical boss projects downwards, and 





1873. 








; x 
te e 


Ete 1 
wipe =| 
boom pacer pit. 

. aq : 

(4 LN . 

t aes f* 

f 


a 


BPs 
f \e 


a as oR: 


con , &) y Seo maa 








i" 


al hte ae 
| Lhd pdedl EPRAOAL EAL AY) CASEI ECRI AEM f, POS AE hs id dares Sed MEPS ARS. 
= é 4 


1874. 


enters a suitable hole in the main valve c, any motion of the two pistons just me > 
communicated to the main valve. The boss in the connecting bar is altos, os thet iff aout pa 
nection with the exhaust cavity of the main valve. 

On the back of the main valve c is a small supplementary valve ¢, which is capable of moving 
transversely to the line of motion of c, and which has on its back projecting Ings placed obliquely, 
and having a sliding block fitted between them. A finger depending from a short rucking shaft 
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takes hold of this sliding block. The rocking shaft passes out through a stuffing box at the side 

of the vaive chest, Fig. 1873. Outside the valve chest the rocking shaft carries a forked arm having 

adjustable contact pieces, which, at the ends of the stroke of the main pistons, are struck by a 

foe lever connected by a link with the main crosshead, shown by dotted lines in Figs. 1872, 
874. 

When the main pistons are approaching one end of their stroke, for instance, that to the left 
hand of Fig. 1872, then the pendulum lever strikes one of the contact pieces on the forked arm 
carried by the rocking shaft, and partially rotates that shaft. This movement shifts the sliding 
bluck on the back of the small auxiliary slide valve, and causes the valve to move transversely, 
thus uncovering one of the auxiliary steam ports, Fig. 1873, and admitting steam to the short 
cylinder a at the end of the valve chest. This admission of steam shifts the muin valve towards the 
right, and thus admits live steam to the left-hand end of the high-pressure cylinder, at the same time 
placing the left-hand end of the low-pressure cylinder, and right-hand end of the high-pressure 
cylinder; in communication. The main pistons then commence their stroke towurds the right. 
In addition to the transverse movement of the auxiliary valve admitting steam to a, for the 
purpose of shifting the main slide valve, immediately that valve begins to move it would, through 
the ¢ffect of the inelined slides at the back of the auxiliary valve, shift thut valve so as to cut off 
steam from the auxiliury cylinder a. The effect of this is that the quantity of steam admitted t6 
tie auxiliary cylinder at each stroke is only that sufficient to start the main valve, the remaining 
movement of that valve being effected by the expansion of the steam in the auxiliary cylinder. 
Referring to Fig. 1874, it will be seen that a simple arrangement is provided for cushioning the 
auxiliary pistons. This consists of a tube in each auxiliary cylinder, which fits and slides in the 
corresponding steam passage leading to that cylinder, this tube being perforated so that the steam 
can pass out from ita interior into the cylinder. The movement of the corresponding piston covers 
the perfurations in the tube, before the end of the stroke is reached, and thus shuts sufficient steam 
junto the cylinder to fourm a cushion. 

A steam pump, Figs. 1875, 1876, by Hayward Tyler and Co., of London, has the compound 
system, and the valve gear, invented by Cope and Maxwell, acts upon the principle of controlling 
the rate of movement of the engine to which it is applied, by the flow of a liquid from one end to 
the other of a cataract cylinder. 

From Figs. 1875, 1876 it will be seen that the two steam cylinders and the pump cylinder 
are placed in a line, the high-pressure piston rod a and the two low-pressure piston rods a’a’ being 
connected to a crosshead, from which an arm J projects downwards, Fig. 1875. The lower end of 
this arm is coupled by a link ¢ to the lower end of a lever d, carried on a rocking shaft e. This 
rocking shaft also carries « pair of arms f, which, by means of a pair of links f f’, are coupled at g 
toa pnir of levers £4 vibrating un a fixed centre at 4. These levers are also connected at y by links 
gy’ to the base-plate 4, having cast in one piece with it the two cylinders mn, This bed-phite, 
with its cylinders, slides on suitable guides formed on the girder carrying the fixed centres ¢ 
and A. This motion we will explain presently. 

The levers A‘, at their upper ends 1, are capable of operating on striking pieccs jj’, adjustable 
on the spindle of the slide valve 4 of the small steam cylinder m, the outer end of this spindle having 
formed in it « slot through which a hand lever passes, ‘The second cylinder n, on the sliding bed- 
plate /, is a cataract oylinder, and its piston rod vis coupled to that of the cylinder m, and through 
the latter to the spindles of the slide valves p and q belonging to the main cylinder rand s. The 
cataract cylinder is filled with water or oil, and the flow of this liquid from one end to the other 
is controlled by the valve v fitted to the bye-pass channel, as shown in the sectional plan, Fig. 1876, 
which also shows how the steam is Jed tu and from the valve chest of the small cylinder m by the 
sliding steam and exhaust pipes ¢ and x, respectively communicating with the steam inlet and 
exhaust passages of the main high-pressure cylinder r. 

When the parts are in. the positions indicated in the figures, the slide valves are all at the 
middle points of their travel, and the steam is thus shut off from all the cylinders. If the engine 
is started by moving the glide vulve of the small steam cylinder m towards the left, so as to 
admit steam to the right-hand end of the cylinder m, the effect of this will be to cause the 
pistons of the cylinders m and n to move towards the left, at a rate controlled by the udjustment of 
the valve v in the bye-pass of the cataract cylinder n. 

But the movement of the pistons in the cylinders m and n, also causes the movement of the slide 
valves p and qg of the main cylinders r and s, and thus admits steam into the right-hand ends of 
these cylinders, causing their pistons to move to the left.  Agaim, this movement of the main 
pistons carries the arm 6 to the left also, and through the intervention of the link c, lever d, and 
arms f, shifts towards the right the sliding bed-plate / with its cylinders m and n. But the 
cataract cylinder n, in being thus moved towards the right also carries with it its piston, which is 
counected to the valve spicdles of the main slide valves p and qg, and we thus see that the move- 
ment actually imparted to these valves must be equal to the difference between the movement of 
the cataract piston towards the left in its cylinder, and the movement of that cylinder itself 
towards the right. 

So long as the main pistons do not tend to make a stroke at a higher rate of speed than that for 
which the cataract is set, so long will the movement of the cataract piston in its cylinder suffice to 
keep the main slide valves shifted towards the left, thus admitting steam to the right-hand end of 
the main cylinders, and causing the main pistons to move towards the left. If, however, the 
engine moves too fust, then the movement of the bed-plute / and cylinders m nx, towards the right, 
under the action of tho levers d and /, overpowers the movement of the cataract piston in its 
cylinder, and shifts the main slide valves towards the right, thus shutting off steam from the right- 
hand end of the main cylinders. 

This continues until, xs the main pistons approach the end of their stroke towards the left, the 
upper ends of tho levers A ¢ oome into ccailast with the striking picce j’, and shift the small slide 
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valve towards the right, thus reversing the admission of steam to the cylinder m, and causing 
it to enter the left-hand end of that cylinder. The effect of this is, that fur a short period, the 
piston of the cylinder m as well as that cylinder iteelf, both move towards the right, and the main 
slide-valves p and g are thus pushed over, reversing the admission of steam to the main cylinders, 
During the movement of the main pistons from left to right, the same action as that above 
described takes psp but the parts move in opposite directions. 

One effect of the action of this valve gear is to produce a pause at each end of the stroke of the 


main pistons, thus giving time for the pump valves to close properly. The compound pumping 
angine, Figs. 1875, 1876, has steam cylinders 12 in. and 24 in. in diameter with 30 in. stroke; 
the pump, which is double acting, having a cylinder 7 in. in diameter. 

hoe pulsometer invented by Hall is a somewhat singular but simple direct acting steam pump. 
Figs. 1877 to 1879 illustrate one of the forms of this pump, made by the Pulsaometer Engineering 
Company, London. The apparatus consists of two chambers, A A, which terminate at the top in 
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tapering necks, leading to corresponding openings or passages in an upper casting J, to which the 
steam pipe K is also connected. This casting J contains a spherical valve, capable of closing the 
openings leading to cither of the chambers A A. At the bottom of the chambers are inlet valves 

1 E, covering openings communicating with the suction pipe C. Adjoining the chambers A A, 
and communicating with them by suitable passages, Figs. 1878. 1879, there is also a third 
chamber, fitted with the discharge valves F F. Between A A, and cast in one piece with them, 
is an air vesse] B, which is connected only to the suction, but which in some of the pulsometers is 
divided by a partition, so as to form both suction and 
delivery air veascls, Near the top of cach chamber 
A A are provided small air valves, openivg inwards. 
Having charged the apparatus with water, and steam 
being turned on, the steam passing down the pipe K 
will enter one or the other of the chambers A A, 
according to the position which the small valve in 
the casting J happens at that moment to occupy, and 
pressing on the surface of the water in that chamber, 
will force it out through the discharge valve. During 
this process, owing partly to the shape of the chamber 
and the consequent stcadiness of the water surface, 
the condensation of the steam will be small, but im- 
mediately the levol of the water falls to that of the 
discharge passage, the steam rushes out through 
that passage, and in doing »o disturbs the water, and 
causes it to bo thrown up amongst the steam, thus 
inducing the rapid condensation of the latter. The effect of this is that a vacuum is sudden] 
formed in the chamber in which the steam has just been acting, and the water rushes in through 
the suction valves, the small ball valve at the top being at the same time drawn promptly over, thus 
shutting off any further supply of steam from the chamber which has been acting, and admitting 
steam to the other chamber, where the same series of operations is repeated. The small air inlet 
valve fitted to each chamber A, comes into action when the vacuum is formed within the chamber, 
and by partially destroying the vacuum, checks the rush of the water as the chamber fills, and 
thus provents the ball valve at the top from being thrown off its scat by the impact of the water, 
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as might otherwise occur. The air, by preventing the intimate contact of the steam and water, 
also seems to check the condensation of the former. ‘The valves used in the pulsometer are 
worthy of notice; they are, as will be seen, clack valves, closing on wooden scats, and fitted with 
wooden striking blocks at the back. They are arranged so as to be very readily accessible. * 

We are not in possession of any precise data as to the steam consumption of the pulsometer, 
when doing a known amount of work, but it is stated that, although not pretending to any 
high degree of economy, yet the instrument can compare favourably, as regards steam consumption, 
with many steam pumps now in use. Apart from any such question, however, the handiness with 
which the pulsometer can be applied in many out-of-the-way situations, and the small attendance 
it requires, will commend it for use under a variety of circumstances, 

A most ingenious form of centrifugal pump is the helical pump, invented by John Imray. It 
was thought that if it were possible to cause a series of blades B B, Fig. 1880, to move through 
a liquid contained in a canal C C, in a direction as nearly as possible coincident with that of the 
canal, a current would be sect up anil maintained in the liquid at a velocity very. nearly equal to 
that of the blades. Obviously this arrangement in a straight canal is impossible, because the 
series of blades would have to be infinitely extended, and there would be no means of closing the 
liquid in at the points where the successive blades enter and leave the canal. It seemed possible, 
however, to apply this principle, by arranging the blades and bending the canal round the 
circumference of a circle, in which ease, the canal being inclined to the plane of revolution of the 
blades, would necessarily be of helical form. 

The construction and action of the helical pamp may be illustrated by imagining that a large 
shallow nut is tapped with a screw thread, making only two complete turns in the length of the nut, 
the space between the threads being about eight times the thickness of the thread, as shown in the 
diagram, Fig. 1881; and the helical channel is extended tangentially outwards a certain distance at 
each end of the nut. A cylindrical reecss is turned ont of the interior of the nut in the centre, to 
the same depth as the thread, and leaving a portion of the thread on each side of it, as shown by 
the dotted rectangle, Fig. 1881 ; and inte this space is introduced a simple paddle-wheel, with a 
boss on each side, filling up the aperture of the nut. This combination then accurately represents 
the helical pump; the head of the aut forms a 
channel of square section, with a tangential inlet 1a80, 1881, 
ou the one side of the nut, and a tangential out- 
let on the other side, the body of the channel 
being carried helically round, se as to present an 
oblique opening on each side of the wheel to the 
spaces betwecn the blades. The channel being 
charged with water, and the wheel being caused 
to revolve, the water cancht between the blades 
is carried round with them, and pradually shunted 
across their width by the inclination of the helical 
sides between which it revolves, as in Fig. 1885, 
which may be taken as a developed view of a por- 
tion of the circumferenre of the whecl, and of the 
helical passage tv and from the wheel. The water 
thus becomes a current, entering by the one tan- 
gential passage and issuing by the other, with a 
velocity nearly equal to that of the wheel blades. 

.  Fiy. 1882 isa longitudinal section of the wheel 
and one-half of the casing; Fig. 1883 is a plan ; 
Fig. 1885 a transverse rection; Fiz. 1884 is an edge view of the wheel. The casing is made in two 
halves, both to the same hand and cast of the same pattern, bolted together and enclosing the 
wheel between them. Each half has a tangential passage.A, one of which serves for inlet and the 
other for outlet, the direction of current being determined by the direction in which the wheel is 
made to revolve; the canal, beginning from the inlet passage and terminating with the outlet, is 
carried round two compl te serew turns, the helical partition which would separate the one turn 
from the other being omitted to give room for the wheel. It will be readily seen that the work- 
tnanship necessary to fit up such a pump is of the simplest and cheapest charactor, The casings 
have only to be bored out in the centre to provide bearings for the shaft, and faced on the flanges 
to make a tight joint when they are bolted together; and for the wheel it is only necessary to 
bore out the boss and key it on the shaft. The bogses of the pump casing in which the shaft works 
require no glands, because owing to the centrifugal action there 1s always a suck iu. Practically 
these bearings are lubricated with melted grease, which is drawn in very freely while the 
se revolves, and which, setting when the pump stops, cffectually seals the beurings against 
eakage. 

The blades usually vi hei he are bent a little forwards at the entering edge, and backwards at 
the leaving edge, as at DD in Fig. 1884, rather for the purpose of stiffening them by the corruga- 
tion than for accommodating them to the flow of the water. 

Some experiments were made with this pump to ascertain the efficiency in respect to the power 
expended in working it. The result of these gave as the work done 58 per cent. of the power 
applied, 42 per cent. of the driving power being lost in friction or otherwise. When the engine 
and pump were worked without water at the same speed, the friction was found to be about 
14 per cent. of the total power which tad been applied to pumping. As this was the friction 
while no work was done, and consequently while there was little strain on the moving parts, it 
Might probably not be incorrect to assume that the total friction of the engine and pump while 
doing work must have been nearly double, or at least 25 per cent. of the total power developed ; 
adding this estimute to the 58 per cent. of actual efficiency observed, the total 83 per cent. 
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corresponds very nearly with the efficiency observed when specd only, without regard to power, 
was taken into account. 

These results may be thus summarized. Assuming that the pump has such an aren of passage 
and is driven at such velocity that it should, if there were no loss, deliver 100 gal., then it will 
actually discharge 82 to 85 gal., giving a slip equivalent to from 15 to 18 gal. Assuming that 100 ft. 1b. 


1882, 1884, 1885. 
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are applied to drive the pump, then the actual 
work performed by it, that isto say, the weight 
of water multiplied by the height to which it 
is raised, will amount to about 58 ft. Ib., the 
friction of the engine and pump being about 25 
ft. 1h., and the luss by slip being about 17 ft. Ib. 

Figs. 1886 to 1889 are respectively a plan 
and section of the wells and pumps designed 
and erected by J. and G. Rennie, for rapidly 
emptying the dry docks at Chatham. 

The following conditions were required to 
be fulfilled in the design for the pumps. ‘They 
were to be capable of removing the water 
from two docks simultancously in four hours, 
pumping into the basin and without dis- 
charging into the river, the water in the docks and basin standing at 27 ft. above the sills of the 
dock entrances at the commencement of the pumping. The pumps were also required to raisc 
water from ono foot below the bottom of the dock culvert, and discharge into the basin, or to pump 
from the river into the basin direct, in order to raise the level of the water in the basin when 
wanted, It was in addition considered desirable that in emptying the docks the water should be 
lowered ag rapidly as ible to the level of the broad altar course, indicated by dotted line FE, 
Fig. 1886, this depth being 15 ft. below the top, or 27-ft. water level, and estimated to contain 
about 15,000 tons of water, The remaining depth from this point to the floor or bottom of the dock 
1s 15) ft., containing about 12,000 tons of water; so that the total quantity of water to be pumped 
out in four hours was 60,000 tons, the lift increasing from zero to 304 ft. 

These requirements have been met by having recourac to dividing the lift for the lower portion 
into two parts, by placing the two pumps at different levels, each pump lifting the water through 
only half the total beight, so that neither of them has to discharge against a greater head of water 
than about 15 ft. : 

This arrangement renders it necessary for each pump to be placed in a separate well, with 
separate suction and discharge culverts, but with a communication between the two wells, above 
the discharge of the lower pump into the suction of the upper pump; and with the means of 
opening or closing this communication at pleasure by a sluice or penstock. The culvert C from the 
docks to the pump suction is 7 ft. diameter. and about 1050 ft. length, dividing just outside the 
pumping engine-house into two culverts A A, each 7 ft. high by 3 ft. wide; a sluice is fixed in the 
main culvert at the junction, aa well as an independent sluice in each branch culvert. The pump- 
wells aro 114 ft. diameter, with a total depth of 553 ft., and are constructed in brick, with granite 
copings and foundations. 

The centrifugal pumps and wells are shown in the section and plan, Figs. 1886, 1887. The 
pumps FE E work horizontally upon vertical shafts F, which have bevel wheels 5 ft. 8 if. diameter, 
fixed on their upper ends, driven by 6-ft. wheels upon a horizontal shaft G. 

The pumps are carried by collars on the shafts and are keyed upon them; the pumps and shafts 
are held central by girdera fixed across the wells and stayed by short girders at right angles. The 
lower bearings of the shafts are cased with gun-metal, and work in lignum-vitw bushes without any 
end bearings, H, Fig. 1888; and the bearings at the upper ends of the shafts are formed of a series 
of collars working in gun-metal, I, Fig. 1886, which carry the weight of the pumps and shafts and 
of the column of water in the centre opening of the pump. By means of screws the level of the 
pumps can be adjusted, so as to give a minimum clearance botween the rotating part of the pumps 
and the fixed part, with the least loss from clearance and the least amount of friction. 
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The pumps are 8} ft. diameter, and the suction pipes 4} ft., increasing to 6 ft. diameter at the 
rose end. The pumps, Figs. 1888, 1889, are of cast iron, and of a form that has been adopted by 
Geo. B. Rennic, who has found, by experiment, that the ordinary form of centrifugal pumps, 
with the outflow abruptly at right angles, or ncarly 80, to the inflow causes a considerable loss in 


1887, 


a 
e 
4 
. 
. 
. 


— = 
SS pe 


SS 
~ 


eS 
we 


As 
x x aa . 
: SS SS rsSSers 


SS 
WS 


i 
" 


aa Sty 
38 
SAE AG SEE 


Bio? 
3 SS SN 


I awaey 
=e _, 


x 


ae 
ats, Te 
. 






BARES 


me 


‘ 
AS ~ ecw 
RL NES eat Ti 
> 


y 
ee 
Rah nas Was 


sm anne emaren sree | 


a 


ra" Mey P 
Soe 
pitas 
= RIESE RES 
St re ‘ 
TA ea 


% e TNE ten 

EAL, Dee ees 

. enon SU MRE Big eye! 
- mg ve Testi gd 


sa EE i 
= VU gt 
ee 4 tg fees Oy s 
te age 
Dy Sa Thos 
i 


4 
Pag ns 44 od We i a! 
Meal” dies isa 
LG Yes Yee 
1 ty % 


xe - . ~ ae 
ag oe BEEZ ALS PE ata petite Press se: 
EN SERS aed SOC NUMEERAE Saree 


SS 
* 


2 
4 3 tied “ye 
ee, at t "the 4 a 
iy Sn Yaga 
Hy L) { 5 it ap. 
1 R n A lp ‘ 4 ee ' 
eee TT A a he 
Wir 25°87 


ne S 
ie STM 
4 Geis af AR ARS 


yy 4% aa liege 
P i . 4 
re Mie, | tags AECEC EC: 
, Md AN ens seat 


‘. NYS ova bet 4 me i ale Ts, XE 

* VY, big t vy otis . -? OK) Fy ws 

4 * aga | ROR ys C ig" ‘ Yyt5s a tag os yy, 4 of 4 
OOP te Hide AE AS Mba white GIA: ihe TEE 


fi 


H, 
4 
Pid t? 

yy 





+ 
= 
ret 


. St SPER RR ae ate Bee ~ x 
SEES SAN SS PRS cae 


a we 
on 


the delivery of the water. The result was found tu be that at all heights, the percentage of duty 
was the greatest, when the arms had a curve formed by the resultants of the circumferential 
velocity at any point, and the radial velocity of the water at that point. This curve was conse- 
quently adopted for the arms of the pumps, Fig. 1889; it has a Fi resemblance to the curve 
advocated by Appold. 

‘The operation of emptying the docks is performed as followa;—-At the commencement of tho 
pumping, the water standing at the same level in the dock asin the basin, namely, 27 ft. above the 
sill and 30} ft. above the floor of the dock, the sluice K between the two pump wells is closed, 
Fig. 1886, and cach pump has then a separate suction from the main culvert of the docks, and 
discharges independently into the basin; but both pumps are driven at the same velocity by the 
engine and first motion shaft. This continues until the water is lowered the first half depth of 
15 ft. down to the broad ultar level; the suction of the upper pump from the main culvert C is then 
closed by the sluice L, Fig. 1887, and the sluice K between the two wells is opened, so that the lower 
pump drawing from the main culvert dischar;es into the suction of the upper pump, which in its 
turn discharges into the basin. ‘Thus, although the total lift for puinping incroases from zero up to 
30% ft., each pump can be proportioned as regards buth size and velocity for a lift increasing from 
zero up to only about 15 ft. 

With this arrangement the average discharge a minute for cach pump, as the water falls 
through successive depths of 5 ft. from the highest level, was estimated to be as follows ;— 

Ist 5 ft., pumps making ubout 70 revs. a min. discharge each 245 tons a min. 
2nd 5 ft. 5 3 - - ; ms 
_Srd 5 ft. ss - 94 a i 147 3 
The total quantitics of water to be discharged for cmptying each dock through the successive 5-ft. 
depths are about as follows ;— 
Ist 5 ft., 6,300 tons, occupying 26 min. 
2nd 5 ft., 5.980 __,, a 29 ,, 
8rd 5 ft., 5,720 ,, 0% 39 


Total 18,000 tons, occupying 94 min. 


Consequently the docks would be emptied the 15-ft. depth down to the broad altar level in less 
than 13 hours, when the two docks are being pumped out together by the pair of pumps. 
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The quantitics of water to be discharged for emptying the lower half of each dock through 
successive 5-ft. depths are ;— 
Ist 5 ft., 4,600 tons, occupying 38 min. 
2nd 5ft., 4,200 ,, 3 41 ,, 
8rd 5 ft., 3,200 ,, i 44 ,, 





Aaa 


Totol 12,000 tons, occupying 123 min. 





The discharge of the two pumps together through this lower portion, was estimated to be equal to 
the discharge of cach of them separately through the upper portion, making the time about 
23 hours for emptying the lower half of the two docks from the broad altar level to the bottom of 
the docks. The total time for emptying the two docks is thus 4 hours. 

The sluices, with the exception of two, are single faced, of cast iron, with gun-metal faces, 
Figs. 1886 and 1887. The hydraulic cylinders by which the sluices are worked are proportioned so . 
that any sluice may be raised or shutin about two 
ininutes; the cylinders are lined with copper, 1888. 
and are double-acting. Wherever the height 
nbove the head of the sluice is limited by the 
ground level, the hydraulic cylind«rs are placed 
horizontally underground, and the sluices are 
then weighted sufficiently to shut them against 
the pressure of the head of water. Where the 
pressure from the head of water in the cylverts 
may be in cither direction, two separate sluices 
ure used in the same well, with their faces in 
opposite directions; excepting in the case of the 
sluice K, Fig. 1886, between the two pump wells, 
and also the one situated at L in the branch 
suction culvert to the upper pump, where special 
and somewhat novel arrangements are adopted. 

The sluice at I, in the branch suction culvert 
to the upper pump, is made with two parallel 
faces, with a small clearance between these and 
the iron frames fitted in the masonry, in order 
that it may go down casily into its place ; the 
pin-joint in the rod working the sluice is also 
made with a similar clearance, so that the sluice 
dvor is free to close tight upon the face against 
which the pressure forces it. By this arrange- 
ment considerable ccouomy is effected, as an uddi- 
tional ram is saved, and there is ulso less cost in 
the manufacture of the sluice thus made than in 
making two independent sluicea. 

The sluice K, between the pump wells, is made 
of a wedge shape, fitted with hard wood on the 
bearing surfaces, resting on granite facings. * The 
hydraulic cylinder for this sluice is horizontal 
and single-ucting, the weight of the sluice being 
sufficient to close it. 

For drainage purposes, a separate well is pro- 
vided ut M, containing two buckct-lift pepe of Scale ~ Ks 
20 in. diameter and 33 in. stroke, worked by a 18489. 
small pair of engines with 14 by 18 in. cylinders. a ; 

These are almost constantly at work for pumping out the water leaking into the emptied docks; a 
pair of sluices at N N, worked by hand, admit the water from the branch suction culverts A A to 
the drainage well M. These purups also give the means of emptying the two muin pump wells, so 
that the main pumps can be left dry and accessible at all times when they are standing. Self- 
acting flap-valves opening outwards, mado of wood and Ieathcr, are placed at P P in each of the 
main discharge culverts, for preventing the discharged water from returning into the pump 


wells. 

PYROMETER. : 

In nearly all the processes connected with metals and_ their alloys, constant reference is made 
to the temperature at which certain operations have to be performed. The instruments used for 
obscrving these temperatures are known as the thermometer, or measure of heat; and the pyro- 
meter, or measure of fire. : 

The first is employed for all temperatures up to that at which mercury boils ; the second is 
more particularly used to ascertain those higher temperatures in which the nature of a thermometer 
will not allow of its direct use. ‘The thermometer deals with a range of heat comparatively easy to 
register and observe, and reliable instruments may now be obtained, regulated to an extreme 
degree of precision. Although much ingenuity hus been employed in the construction of pyro- 
meters, great doubt is felt with regard to their accuracy, more particularly at very high tempera- 
tures. Thore ia yot room for improvement in thie respect, as a delicate and reliable instrument 
for the observation of high temperatures would be of great service to scientific men and manu- 


facturors. 
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In measuring the-melting-points of metals, the temperature must be taken just before molting 
takes pl because at the moment of go yinpasieey a certain quantity of latent heat is absorbed, 
and beyond that point the temperature of the melted metal might rise considerably, and make the 
observation incorrect; as a thermometer cannot then be directly applied, a pyrometer 1s emer: 

Numerous pyrometers have been devised by utilizing the expansion of air from heat. This is 
the principle of the pyrometers of Schmidt, Petersen, and Pouillet. Where these instruments 
can be conveniently applied, they are capable of yielding fairly accurate results. 

The final indications of this kind of pyrometer will of course be arrived at by tho laws of 
expansion of air and gases by heat. Regnault gives the amount of expansion of atmospheric air 
heated from 32° Fahr. to 212° Fahr., as *3665 or ‘3670 on its original bulk at 82° Fahr. 

Wedgwood’s pyrometer was founded on the property which clay possesses of contracting at high 
temperatures. The apparatus consisted of a metallic groove, 24 in. long, the sides of which con- 
verged, being half an inch wide above, and three-tenths of uf inch below, The clay was made 
up into little cylinders, or truncated cones, which fitted the top opening of the gréove when they 
* had been heated to redness; and their subsequent contraction when still further heited was shown 
by their sliding gradually down the groove till they arrived at a part of it through which they 
could not pass. 

This measure of heat is no longer employed by scientific men, as ity indications cannot be relied 
upon, owing to the variations in the quality of clay; but there are times when the principle 
involved in its construction may be of use for rough approximations of high temperature. 

Wedgewood divided the whole length of the groove into 240°, each of which, he supposed aqual 
to 130° Fahr., and he fixed the zero of his seule at the 1077th degree of Fahrenheit’s thermometer. 

He assumed that the amount of contraction of the clay would be always proportionate to the 
degree of heat to which it might have been exposed. This is erroneous, for it is found in practice 
that a long-continued and moderate heat will cuuse the clay to contract to an equal amount as a 
fierc.-r heat applied for a short period. 

Another proof of its inaccuracy is to be found iu the absolutely impossible temperatures 
recorded in some chemical books as being obtained by this instrument. 

Since the invention of the above iu 1782, a number of other heat-measurers have been 
constructed, of which we describe the most useful and reliable. 

The great majority of substances expand when heated, more 1990, 
particularly the metals, and steel when heated expands more when 
tempered than when not tempered. 

In Daniell’s pyrometer, the temperature is measured by the 
expansion of a metal rod, enclosed in a case composed of black- 
lead and clay, in fact, of the same composition as a plumbago 
crucible, in which is drilled a hole §, of an inch in diameter, and 
7% in. deep. Into this hole the cylindrical rod of soft iron) or 
platinum of nearly the same diameter, and 63 in. long, is intro- 
duced, so as to rest agninst the solid end of the bole; and upon 
the outer or free end of the metallie rod rests a cylindrical piece 
of porcelain, called the index. When the instrument is heated, 
the metal, expanding more than the case, presaca the index forward, 
which, by means of a wedge, is kept in the position to which it 
has been forced, when the instrument is removed from the furnace 
and cooled. <A acule is then attached to measure the precise extent 
to which the index has been pushed forward by the metallic rod ; 
it thus indicates the difference between the elongation of the 
platinum rod, and that of the black-lead case which contains it. 
For its indications to be absolutely correct, it is necessary that the 
rod and the case should expand uniformly, or both vary at the same 
rate. 

A very inconvenient circumstance attending the employment 
of this instrument is, that no indications of temperature can be 
obtained by it until it is removed from a furnace. 

Gauntlett’s pyrometer is constructed on the principle of observa- 
tions made upon the differential expansion of rods, or tubcs, of 
brass and iron. This cannot be relied upon beyond a point ap- 
proaching red heat, at which permanent clongation of the metals 
sets in. Such pyrometers are within limita, however, very useful, 
and several varieties are made, of which two are illustrated, Figs, 
1890, 1892, the former showing Carsatelli’s and the latter Bailey's. 

The instrument made by Cursatelli, Fig. 1890, consists of a tube 
a of irun or other metal, screwed at une end into a metal enone h, 
having through it a number of transverse holes c and at the other 
end to a flanged socket d, and inside the tube 2 there ig a second 
or smaller tube ¢ of metal, the ratio of expansion of which by heat is 
different from the outer tube. This inner tube e is also screwed 
at one end to the metal cone 6, and has 2" 16 other end transverse : 
holes f, and a plug g, into which ie - 0 41 one end of a rod hk. .f 
which passes through a stem ¢, sere 1 


42 Odd tg iiusted to the flanger 7 
socket on the top of the outer t - 18,000 ton. wards held Hema tn nut 4; and to this stem 4 


is fixed a case provided with F ber end of th A is in contact with a s1 

. : nal) 
bluck n, pivoted to an arm o “ke a cing oemarant or segment p, gearing into a pinion on the 
spindle carrying the index ges ‘as mabved up or down, according to the expansion 
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or contraction of the tubes of motal, it gives motion to the toothed quadrant and pinion, and 
consequently to the index hand. The hot blast is peered through the instrument by inserting the 
cone 6 into the socket of the plug of the tuyere-tube, or other suitable place, the current passing 
through the inner tube through the holes at the top, between the inner and outer tubes, and out 
through the holes ¢ in the cone. The outer tube a has a cover of wood, or other non-conducting 
material, encircled by felt or cloth « for preventing the radiation of heat from the instrument, and 
enabling it to be handled comfortably. 

In W. H. Bailey's pyrometer, Fig. 1891, an attempt is made to preserve a portion of the length of 
the rods employed non-pyrometrical, in order that when it becomes necessary to pass the stem of the 
pyrometer through brickwork, ay in the case of a furnace, that portion of the stem which is actually 
in the heat shall alone be utilized for pyrometrical purposes; thus a more accurate indication of 
the heat ig obtained, and the permanent expansion of the materials reduced to a minimum. 


1892. 
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Arrangements are made to return the index finger to zero when required, and there are also two 
handas, one of which makes a complete revolution for every degree indicated by the other, and thus 
at every revolution of the smaller hand the larger hand will only move one degree, but in its 
whole revolution will indicate the total heat. 

In Fig. 1891, A is a wrought-iron tube, passing through the brickwork B, and having a brass 
or copper tube C, screwed in on the other side of the brickwork. D is a enmmon wrought-iron 
rod connected with a quadrant at one end for actuating the index spindle. and which rod, being of 
the same material as the tube A, only that portion of its length which extends beyond the mouth 
of the tube A, into the furnace or oven, has any influence in indicating the temperature of the 
furnace or oven, by the difference in its expansion as compared with the brass or copper tube C, but 
any other materials which expand part ened may be employed, either in the form of rods or tubes, 
provided that the tube which passes through the brickwork is compensated for, by an inner tube or 
rod of the same material and length as the tube or casing A. 

In Figs. 1892, 1893, E is the index spindle carrying the index hand F, dise wheel G, and mill- 
headed knob H, all firmly secured upon the spiudle. I is a toothed pinion combined with a 
ratchet wheel J, which is mounted loosely upon the spindle E, but is compelled to turn with it in 
one direction by the application of a spring paw! K, mounted upon the face of the disc wheel G, 
and taking into the teeth of the ratchet whecl J; the pinion I gears with the ordinary toothed 
quadrant L, which is connected with the internal tube or rod, upon the expansion of which, as 
compared with the external tube, the indicating depends. This pinion acts upon the spindle E as 
if it was fixed thereupon, but if, through permanent expansion of either of the differently expanding 
materials employed, the index finger F fails to return to the starting-point, by turning the knob or 
handle H, the spindle may be turned in the direction of the arrow without affecting the position of 
the pinion, as the spring pawl K permits the disc wheel G to turn independently in that direction, 
and thus the instrument may be adjusted to the greatest nicety. To ascertuin the fractions of a 
degree of temperature, a toothed wheel M is fitted to the spindle E and gearing with a pinion N 
turns a pointed hand O, indicating upon a smaller dial. ; 

MacDonald's pyrometer is a metal or porcelain tube, filled with anhydrous nitrogen, and com- 
bined with a Bourdon gauge, provided with suitably graduated dials to indicate the temperature. 

Maier’s pyrometer consists of an iron tube enclosing 0 ocntral rod or axle, round which a spiral 
metallic ribbon in wound, one end of the axle being fitted to the tube. During the proccss of 
heating the ribbon is unwound, and causes the rotation of the central rod, which communicates the 
rutary movement, by suitable mechanism, to the pointer moviug over the dial. 

In Steinle and Hartung’s pyrometer three tubes are arranged. one within the other, the two 
inner tubes being porforated throughout their entire length, and supporting the usnal dial and 
indicator. The inner tubes alao project beyond their covering. The centre rod is formed, for some 
part of its length, of a solid stick of gmphite. As acon as this is applied to heat its length is 
altered, and an indication of the same transmitted to the dial. Meaus are provided for regulating 
the position of the pointer. 
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The principle of the measurement of high temperatures founded upon the quantity of heat 
imparted to a given bulk of water, at some known temperature, by plangiie therein a heated body, 
is that upon which Wilson’s pyrometer, Figs. 1894, 1895, is based. ; 

The instrument consiets of a copper vessel A, capable of holding rather more than a pint of 
water, and well protected against radiation by having two double casings around it, the inner 
containing air, and the outer filled with felt. A good mercury 
thermometer B is fixed in it, having in addition to the ordinary 
scale a sinall sliding scale C, graduated and figured with 50° to 
1° of the thermometer scale; there is also provided a cylin- 
drical piece of copper D, accurately adjusted in size so that its 
total capacity for heat shall be ysth that of a pint of water. 
In using the pyrometer, a pint of water is measured into the 
copper vessel, and the sliding pyrometer scale C is set with its 
zero at the temperature of the water, as indicated by the mercury 
thermometer B. Theo piece of copper is then attached to a piece 
of wire placed in the substance, the temperature of which it 
is wished tc ascertain, and is allowed to become heated for about 
two minutes, when it is quickly dropped into the water in tlic 
copper vessel, and raises the temperature of the water in the pro- 
portion of 1° for each 50° of temperature in the copper; the rise 
in temperature may be read off at once on the pyrometcr scale, 
and if to this is added the actual temperature of the water, as 
shown on the scale of the mercury thermometer, the cxact tem- 
perature is obtained. This pyrometer is found to be more 
accurate than others for such temperatures as will not melt 
platinum; for still higher temperatures a piece of platinum 
would be used instead of copper, and the instrument would 
then be available up to the highest temperature that platinum 
would stand. Of course this instrument cannot be used for 
taking observations in inaccessible places. 

Another mode of utilizing a thermometer in measuring ES 
high temperatures approximately is Main’s pyrometer, shown F°3: 
in Fig. 1896. Here D represents a hot-blast pipe, and A the k°S 
apparatus, which consists of three concentric cylindrical vessels 
of copper or brass. In the inner chamber a delicate ther- 
mometer is placed, and the hot blast conducted by the tube C 
from the pipe D circulates through the second chamber, passing 
out by the tapered nozzle E. The outer space is filled with a 
substance of low conducting power. 

The temperature indicated by the thermometer does not, of 
course, represent the actual temperature of the hot blast; but 
to ascertain this, it is only necessary to insert a mctallic pyro- 
meter in the hot-blast pipe D, and compare the relative indica- 
tions in order to fix a ratio. Any ratio desired may be obtained 
by a simple adjustment of the bore of the tapered nuzzle. When 
the object is only to regulate the temperuture of the blast this 
adjustment is not required, it being sufficient to nute the 
devrecs indicated by the thermometer when the blast is at the 
ordinary working tempcrature, and thereafter maintain it at that 

int. 
- In Tremeschini and Lion’s pyrometer, a fire-clay tube is 
introduced into the heat, and the hot air conducted from it into 
® copper tube, contiguous to which a sensitive metallic ther- 
mometer is placed, this latter being so arranged that its dis- 
tance from the copper tube is adjustable. If the thermometer 
is placed at such a distance that it ulways shows a particular 
degree of heat, then the temperature to be measured corresponds 
to the square roots of the distance between it and the copper tube. 

The electrical resistance of metal conductors depends upon their dimensions, material, and upon 
their temperature ; an increase of the lutter causing a corresponding increase of resistance. The 
jaw of this igerease is known. Thus, the resistance of a conductor being ascertained at 0° Centi- 
grade, it ca calculated for any temperature, and, vice versa, if the resistance can be found by 
ineasurement, the temperature can be calculated. And this is the principle upon which Sicmens’s 
electrical pyrometer, Figs. 1897, 1898, is based. 

A platinum coil of a known resistance at 0° Centigrade is coiled on a cylinder of fire-clay, pro- 
tected by a platinum shield P, which ia placed in an tron or platinum tube, and then exposed to the 
temperature to be determined. Leading-wires // are arranged to connect this coil with an instru- 
ment suitable for measuring its resistance, and from this resistance the temperature can be calou- 
lated. These leading-wires can be brought from the furnace into an office, where the temperature 
could be read off, and recorded as often as required. 

The resistance-measuring instrument supplied for the purpose is a differential voltamoter. This 
consists of two separate glass tubes, in each of which a mixture of sulphuric acid and water is 
decomposed by au electrical current passing between two platinum electrodes, The which is 
generated is collected in the long cylindrical and carefully-calibred top of the tube, and this 
quantity is read off by means of a graduated scale fixed behind the tubes, 
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Movable reservoirs are provided, communicating with the tubes, to regulate the level of the liquid. 
The current of the battery is divided by passing a commutator into two circuits, one of which consists 
of an artificial resistance in the instrument and the platinum electrodes in one tube ; the other, of the 
resistanoc to be measured and the electrodes in the other tube. The quantities of gas developed in 
the two tubes are in reverse proportion to the resistances of their respective circuits, therefore one 
of the resistances, namely, that in the instrument, being known, the other can be calculated. 


1896. 
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The makers give the following directions for use ;—-Fill the battery glasses with pure water, or, 
in case of the power of the battery decreasing, with a solution of sal-ammoniac in water. Connect 
the poles to B and B' on the commutator. Expose the small end of the pyrometer tube, as far as 
the cone, to the heat to be measured, and connect the terminals X, X!, C, on the voltameter. 

The differential voltameter is to be filled with the 
diluted sulpaarie acid through the reservoirs, the india- 1897. 
rubber cushions being lifted from the top of the tubes. | 
The commutator is to be turned so that the contact- 
springs on both sides rest on the ebonite. The liquid in 
both tubes is to be regulated to the same level, 0° of the 
scale, and the indiarubber cushions to be let down again. 
The commutator is then given a quarter of a turn, and 
the development of gas will commence almost immediately. 
The commutator is turned half round every ten seconds 
to reverse the current, which is kept passing until the 
liquid has fallen in the tubcs to at least 50° of the scale ; 
the commutator is then put in its first position, so that the 
contact-springs rest on the ebonite; the level of the 
liquids read off on the scales marked V V, and the scale 
marked V'; and these numbers found in the table. 
The intersecting point of the lines starting from these 
figures gives the resistance of the exposed coil in black, 
and its eae in red figures. 

A satisfactory method fur some iad haat is to use 
alloys and metals whose melting-points had been previously 
determined, and E. Buchner has designed an apparatus, 
in order automatically to register the exact moment at 
which a given alloy melta in the interior of a furnace. 
It consists of a vertical tube of refractory material, which 
dips deeply into the muffle; inside this a small crucible 
is hang from a scale beam above; in the bottom of the 
crucible is a hole, so that whon the alloy welts it runs 
through into a dish suspended underneath. This causes 
the scalo beam to rise, and the motion of the beam, by 
clectrical oontact, rings a bell, and marks a dot on a 
shoet of paper travelled by clockwork ; this registers the exact time at which the melting-point 
is reached. The melted metal can be lifted out and preservod for future use. 

ROAD LOCOMOTIVE. 

Amongst the component parts of a road locomotive or traction engine, the driving wheels perform 
the most important functions. They par A be olassified under the heads of elastic, flexible, and rigid. 

An elastic wheel is one which is sufficiently resilient to answer the purpose of bearing springs, 
but its circumferenoo docs not necessarily deviate from a circular form by the pressure of the tread. 
A flexible wheel ia one whose treading faco suffers a material chanye of form as it rolls along, and 
in addition to the faculty it possesses of acting as a spring, it has a large portion of its periphery 
continually in contact with the ground. Adam’s road wheel, Fig. 1907, and Mackinder’s road 
wheel are olastio, but their rigid tires cannot deviate from the circular form. Thomson's india- 
rubber wheel, Fig. 1899, and Bremme’s steel tire whecl, Fig. 1911, are flexible, as their tread 
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yields as they roll along. Therefore, an elastic whcel merely answers the purpose of bearing- 
springs, and doves not practically increase the bite; while a flexible whecl forms a spring, and also 
increases the adhesion. All other wheels are classed as rigid, because they do not yield to the 
inequalities of the roud. 

The adaptation of locomotives to common roads has, for the last fifty years, been a matter 
of continuous experiments, accompanied by miny failures. That it is difficult to design a 
locomotive which shall work as well on the highways as thousands of similar engines work on 
rails, is shown by the fact that during half a century many of the best mechunical engineers, have 
from time to time, made rouwd locomotives and experimented with them; and yet, even up to the 
present, with one or two exceptions, they are unable to produce more than an approximately 
perfeet road locomotive, either for passenger or for ordinary goods traffic. The farmer's engine 
is the only type which has, as yet, given any really satisfactory results. 

The following table, compiled by John Head, partly from data by Crompton, and partly from 
other sources, will show the resistance of smooth, rigid wheels, in Ib. a ton, on different surfaces :— 


On very good pavement... ..0 .. ek ee ee eee BS TD 
» good macudam .. -. 2.0 6. we eee oo ,, 
» ordinary macadum ..0 .. 0 6. eee ee eee 90 ., 


» newly-laid gravel ..0 4.00 6. ee ee eee ee we 200 =e, 
» soft grass land ..00 6. 6k ce ee eee eee ee HOD, 
» newly-laid metal er os «se ae FEO, 


» & well-laid railway with moderate gradients os eee 68-10 -,, 


From which it appears, that even when the read is in the best order, the rolling resistance is about 
eight times that on rails. With the road in an ordinary state, it is from ten times tu twelve times, 
while, on newly-laid metal, the rolling resistance becomes nearly fifty times that on rails. As almost 
all roads contain inclines of 1 in 20, or 1 in 30, and as many of them contain inclines of 1 in 10, 
it will be seen that the actual pull, required to move I ton over many portions of muacadamized 
roads, amounts, iu some cases, to more than 100 times that on a railway with moderate gradients. 
The difficulty of obtaining sufficient adhesion, and the weur and tear caused by rigid wheels with- 
out springs, have, from time to time, led to the trial of varivus devices for overcoming these defects ; 
but extended experience seems to show, that a rigid wheel, with wrought-iron diayonal bars on the 
periphery, is the cheapest driver, und that, in many cases, it is sufficiently reliable for the class 
of work for which road locomotives are usually required. At the sume time, a great demand exists 
for a reliable flexible wheel, for use under certain circumstances Where the rigid wheel is almost 
useless. 

The different types of wheels are classed by Head as follows ;— 

For farm engines, used for thrashing, and for hauling light loads on an estate, steam ploughing 
engines, passenger engines, and for light louds at high speeds, rigid wheels und, in sume instances, 
elastic wheels should be adopted. 

For engines designed to ascend very steep gradients, and for engines used for hauling heavy 
louds on causeways or stone pavements, flexible wheels are required. 

The following is a description of some of the principal driving wheels which have Loen 
designed ;— 

The tirst wheel which came into extended use in traction engines was termed] Boydell’s end): ss 

railway. It consisted of lurge, tlat segments of rails, so jointed round the wheel, that it ran on a 
a ea of continuous tramway, Figa. 1899, 1900. This wheel was introduce:! in 1si6, for fneilitating 
the draught of ordinary carriages over soft ground, by means of au extended bearing surface, whieh 
prevented the wheels sinking. It was partially used for that purpose for several yours befure it 
Was proposed to adapt it to a locomotive. One of the principal objects the taventor wished to 
attain, was the transport by steam of artillery over ruads ippassable by horses or oxen. Boydell s 
wheel, when tried, gave the must satisfactory results as regaids the increase of adhesion, and it was 
ehown that it could run with facility over soft land upon which a horse could not move a light cart, 
The great surface of the shoes in contact with the ground, enabled it to haul great weights over 
bogs, and to perform many other feats, which quickly brought the engine into notice. Indeed, its 
pulling power was so great, that a single driving wheel gave more thin sufficient bite for all 
ordinary hauling work ; and, consequently, several engines were constructed with only one side 
of the machine fitted with the travelling trams, a good plan to save expense, but one calculated to 
destroy the general efficiency of a locomotive, as its facility of steerage is ther:by much impaired. 
_ Boydell’s wheel clearly proved that a large surface in contact with the grouud tended to an 
increase of efficiency, but at a great outlay of wear and tear, There was no clastic medium to 
deaden the concussion, and the whole apparatus went clattering along, an extraordinary combination 
of inharmonious mechanism. However, the arrangement was continued fur many years. 

Some short time after Boydell had brought his engines into public use, and when the great 
advantages of increased adhesiun bad become clearly known, Bray, of Kent, brought out his spudded 
wheel, Figs. 1901, 1902, by means of which it was hoped to gain sufficient adiesion, without com- 
plexity and liability to breakage. Bray's wheel bad a rigid tire fitted with short, strong spikes to 
dig into the road surface as it rolled along. These spuds could, by an cecentric, be drawn in below 
the wheel surface, so that it then ran with merely a smooth tire, but when they were projected it 
was a rigid spiked wheel. The bite of such a wheel on cobble-stones, between which the wponardos 
inserted themsclves, was equal to cog-gearing, and on macadam the peculiarly shaped spuds insurted 
themselves into the surface of the road, and produced « similar effect, but to a amaller extent. 
ar peu answered well for some roads, but it was evidently not suited for general use on aocount 

ic damage done to the highways, and the continued breakages in the mechaniam of the wheels, 
caused by the unequal strains on the connecting rods of the apudas. 

R. W. Thomson, of Edinburgh, in 1867, constructed a wheel consisting of a very light wrought- 
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iron drum, 4 ft. diameter, by 15 in. wide, with flanges, 1 in. high, on either side. Outside this drum 
was stretched a flat indiarubber band, or tire, 12 in. wide by 5 in. thick. The wheel ran with the 
indiarubber in contact with the ground. It was found to slip on damp roads and greasy mud. 
To obviate this, Thomson covered the indiarubber tire with flat steel plates, or shoes. These were 


1899. 1900. 


*S 
1 


SAR ee 
RLELELLV MALLS ADL AS fo. 


ACM MELTS ETS NE 
BSS OS 





ent: 
Sees Fi 


<= 
IW 


= 
ae 


turned over at the euds and joined together by ordinary flat links, as in the upper parts of 
Figs. 1903, 1904, some of which were of different lengths, in order to compensate for the elonga- 
tion of the chain by wear. This species of armour was very troublesome, owing to the continuous 
breakage of the link pins, andthe 1901 1902. 
difficulty of keeping the tire in its place ; 
unless the shoes were very tight. yr 
Another system of protecting the ; i 
indiarubber tire was invented by Thom- | 
son, and improved by Burrell, it is seen NY 
in the lower parts of Figs. 1903, 1904. | oh it— 
In this case the steel plates touch each | Y 
other outside the tire, and tapering at | 
the ends, are turned down so as to lap 
over and clip tho angle iron rim of the 4 
wheel on both sides, thus permitting the 
indiarubber to rotate, but preveuting it : 
from coming off sileways, The shoe ia Li a 
kept in position, on one side, by a plate | 
fastened with two screws. This arrange- 
ment enables any one shoe to be dis- 
connected without taking off all the 
rest. The system has been found to 
work well in practice, but experience has 
not yet shown what will be the wear 
between the clips at the end of the 
shoes, and the angle iron of the wheel. 
Aveling and Greig’s improved shoe, 
Figs. 1905, 1906, formed of a strong plate 
turned over at both ends, each side 
finishing in the form of ao hook which 
was attached to a loop at the end of a 
wrought pri sliding on the edge of 
the rim of the driving wheel. The shoos 
were fixed to the rim of the wheel 
instead of rotating with the tire. This description of shoe has been attached to several engines 
manufactured by John Fowler and Co., and has been in work for some time. It remains to be 
proved how the indfarubber tire will wear, when rotating inside the annular space formed by the 
fixed shoes and the outer surface of the whecl. 
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Much difficulty was experienced in the early trials of Thomson’s wheel, owing to the convexity 
of the road forcing the indiarubber tire over the angle iron, thus necessitating guards to keep it 
in place. The shoes just described will not allow any play in the tire, but nevertheless a great wear 
and tear is continually taking place through the outward lateral pressure of the indiarubber. 


1903, 1904. 





A very curious feature was discovered when working the indiarubber tire without shoes. The 
tire being loose on the drum, as the wheel revolves, a portion of the indiarubber is continually 
rolled out to the leading side, where it accumulates until, when running fast, the tire becomes 
several inches clear of the drum, and as this excess of indiarubber increases, it gradually cs 
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by working its way upwards, passing backwards over the top of the wheel. When an indiarubber 
tire is working withont shoes, at a speed of 8 miles an hour, there is a much greater amount 
of indiarubber on the leading side than on the following side of the wheel. On the leading 
side the excess of indiarubber accommodates itself by bagging out, while in the rear it is in a 
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state of tension, and tightly grips the iron wheel. From this action the indiarubber tire is 
continuously working round with a reverse motion to that of the drum. The rate of this motion 
depends upon the tightness with which it was originally stretched, its density, its thickness, and 
the weight on the wheel. If the wheel is very lightly loaded, the tire will scarcely move, while if 
it is heavily compressed, a great portion of it is rolled out towards the front, and the amount of the 
reverse-action becomes very great. Under ordinary circumstances the tire will move once round the 
drum in from 80 to 40 revolutions. It is evident that friction must take place in the indiarubber 
tire, from its contrary rotation round the iron drum, and also from the continuous change of form it 
undergoes. No experiments have, however, yet been made to determine the amount. 

It appears certain that if indiarubber is used as a tiro for the driving wheel of a road locomotive, 
it must be used in the form of a ring, and allowed to rotate. All experiments hitherto msde for 
attaching it in blocks with cement to the periphery of the driving wheel, or of putting it on to the 
wheel in segmente and fastening it by means of slings, have failed. 

The indiarubber tire bas the great advantage of being o perfect spring to the engine, and it 
forma a safe and sure brake. On good macadam its resistance is more than that of the rigid wheel, 
and on a rough or newly metalied road, owing to its great surface, it does not sink below the tops 
of the stones, while the rigid wheel consumes a great amount of power from sinking into the surface 
of the road with a crushing and grinding action. Over paved roads the indiarubber wheel, or any 
other equally elastic wheel, is decidedly superior to the rigid wheel, owing to the increased amount 
of surfuce of adhesion; in fact, it has been fuund that a flexible wheel is almost indispensable for 
all steam traffic on such roads, even with moderate gradients. 

One of the principal drawbacks to the use of indiarubber tires is their great prime cost, which 
appears likely to increaso instead of to diminish ; also, the impossibility of finding a market for the 
wale of the worn-out indiarubber. With respect to their wear, much difference of opinion exists, 
but it is impossible to form any correct formula for depreciation, owing to the paucity of the 
expcriments hitherto conducted. 

It is evident that, if the thickness of the tire is materially reduced, the power of the indiarabber 
to bear the engine easily is diminished, consequently a greater strain is brought upon each cubic 
ae of rubber than it is calculated to bear, thereby lessening the value of the tire as a spring to 
the engine. 

Much may be said in favour of Thomson’s tires, but the difficulties of protecting the indiarubber 
in a permanently satisfactory manner, coupled with the uncertainty of its action under peculiar 
abiaprenec is have to a great extent arrested its employment fur the driving wheels of road 

ocomotives. 

Adams’ road wheel, Figs. 1907, 1908, is purely elastic, and consists of an ordinary centre and 
arms,-having a beavy T-iron rim, between which and the outer flat tier are inserted treading blocks 
of indiarubber, about 2 in. thick. 
These blocks, along with the T-iron 
rim of the inner part of the wheel, are 
kept in position by means of two 
angle irons riveted to the outer ring. 
A drag link connects the outside tire 
with the T-iron ring. These wheels, 
of course, do not increase adhesion, but 
thoy act well as moderate bearing 
springs, and give a great relief to the 
destructive jolting of an ordinary rigid 
wheel. They have been exclusively 
adopted by Aveling and Porter, of 
Rochester. 

Mackinder’s wheel, Figs. 1909, 
1910, consists of an iron drum, sur- 
rounded by a scries of transverse springs 
a, formed like those used for a railway 
truck, each fitted with an outer tread- 
ing shoe 6, sliding in guides. A sect of 
these whecls, manufactured by Robey 
and Co., of Lincoln, has run for some 
time. Tho arrangement is heavy, and 
it is said that the sliding shoes wear 
se ae through contact with sand and 
mud. 


1907. 


In Bremme’s flexible steel tire 
wheel, Figs. 1911, 1932, the flexible 
tire is formed of one or more rings, 7 
each of which is constructed of one or ee 
more bands of steel or good wrought 
iron. In practice, the bands are mum.. of steel, from } in. to 3 in, thick, and from 2} in. to 4 in. 
wide. The rings are fixed side by side, and are protected against the road by shoes or tread- 
pieces. To the tire are attached an adequate number of arms or links, which make the con- 
nection between it and the central part of the whoel, that is, the arms or links projecting a given 
distance beyond tho periphery of the central part, are able to support the lateral thrust or pres- 
sure which the wheol may be exposed to, and are free to adjust themselves radially to any curve tho 
elastic tire may assume under a dead load at the axle. 

In driving wheels, the central part receives retary motion, which by means of the arms is 

: 3Q. 
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imparted to the tire. When the wheel stands on its tread, the whole load, acting at the centre is 
suspended from the upper portion of the tire, while its lower portion is perfectly free to deflect and 
flatten against the road, thus fulfilling the function of a spring, and producing increased contact 
surface with the road. These wheels have been fitted to one of Aveling and Porter’s 6 horse-power 
Steam Sappers, at Chatham, and have been found to answer well. 

Nairn’s rope wheel was designed to have all the propertics of the indiarubber wheel, at about 
one-quarter the cost. It consisted of two layers of rope, each 4 in. thick, coiled round a drum 
wheel, and protected by shoes on the 
outer surface. It was found in prac- 1909. 1910. 
tice that when the rope was coiled 
loosely enough to flatten at the tread 
of the wheel, to the same extent as 
indiarnubber, the resistance became very 
great, through the tire being soft and 
not elastic; and the rope was soon 
destroy:d. If the coils were wound 
round as tightly as possible, the tire 
became almost rigid, and the wheel 
was not more efiicient than one of 
wrought iron. 

Several passenger engines have been 
built in Gt. Britain for use abroad, 
constructed on RK. W. Thomson's system, 
and usually attached to a separate 
omnibus. Of these, one by C. Burrell, 
of Thetford, was an excellent specimen 
of careful design and workmanship; 
but the most worthy of notice were ; 
four 14-ton engines manufactured by Ransomes, Sims, and Head, for the Indian Government. 
Figs. 1913, 1914 give an elevation and half plan of one of these engines. They had cylinders of 
8 in. diameter and 10 in. stroke, geared either 3°75 to 1, or 12 to 1, to 72-in. driving wheels. 
The engines made 150 revolutions a minute, which gave about 10 miles an hour for the fast 
wale and 3 miles an hour for the slow speed. The boilers were vertical, on the Ficid system, 
the grate surface was 11 square feet, and the water surface was 177 square feet. The blast-nozzle 
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had an adjustable cone, that the opening might be varied to suit either wood or coal. All the 
road wheels had Thomson’s indiarubber tires, with linked shoes; the leading wheel had supplo- 
mentary elliptical springs, so that the fore end adapted itself easily to the inequality of the road. 
The engine drew a ae arr er two-wheeled omnibus. These locomotives arc the most powerful 
passenger engines, and they have a large tank, and stowage for wood, so that they may run for 
15 milea without stopping. They were to carry mails and passengers betwoen two stations in 
the Punjab, about 70 miles apart. 

One of them, the Ravee, in October, 1871, made the double journey between Ipewich and Edin- 
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burgh, a total distance of 850 miles. The total weight of engine and carriage was about 19 tons, 
By the return journey the men had ample experience in working the engine, and the 425 miles 
tuok 9 days, giving 47 milés as the average distance a day, and a speed of 6-9 miles an hour for 
the time actually running; but on the last day the average speed was 9°69 miles an hour, 
Maris occasionally a specd of from 15 miles to 20 miles an hour was maintained for short 
instances. 

Horse tramways are now laid in various parts of the world, cliiefly in towns and their outskirts 
where roads are moderately level, and where the gradients do not exceed about I in 50, or 1 in 40; 
but sooner or later, steam tramways will form a more general meang of transporting passengers 
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and light goods. In order to make an engine which would compete successfully with the present 
system of haulage by animal power, it should be as light as possible consistently with the amount 
of traffic. J. Head considers that a small engine, weighing from 3} to 4 tons when loaded, 
would be amply sufficient for drawing a tramway car of the present construction. The outward 
appearance should be sightly, and, as far as possible, similar in colour to ordinary vehicles running 
in the streets. The maximum speed should not exceed 10 miles an hour. 

Several motive powers have beon propose for propelling street cars, and some of these, such 
fs compressed air, ammonia, and carbonic acid, have been actually tried. Although these and 
other plans have been made to perform the functions for which they were deaigned, and might even 
be useful under exceptional circumstances, it may be taken for granted that the usual means of 
working atreet tramways, by mochanical power, will be by ordinary steam engines made and 
specially adopted for atroet traffic. 


964 ROAD LOCOMOTIVE. | 


The modes in which steam power has been, heretofore, principally applied on tramways have 

n, by means of a car containing the goods or passengers, as well as the engine, running upon four, 
or more wheels, and by a detached engine drawing one or more cars. * 

The first of these systems has been successfully adopted on some lines in America, but it hes 
the objection that the passengers do not like to be in such close proximity to the boiler; and, if 
generally adopted, the existing tramway companies would have to purchase entirely new rolling 
stock. ‘This principle of construction has, however, the advantage that the whole weight of the 
car, engine, goods, and passengers, can be utilized for adhesion in ascending heavy inclines. The 
second system pernits,the uge of all the existing rolling stock of the present horse tramway coin- 
panies, with but little alteration, besides being more in accordance with the principle adopted on 
railways, and generally approved by the travelling public. 

With steam as a prime mover, the difficulty is not how to supply the mere tractive force, but 
how to make the steam power so suited to street traffic that it shall not cause any annoyance. 
The main objection to an ordinary locomotive working in a street is the puffing blast, and various 
means have been tried to overcome this defect. First among them may be taken the heavy-geared 
dummy locomotives of New York. These are fitted with fans, blowing air into the fire-box, 
driven by adonkey engine and belt. The exhaust from the main engines goes into the tank, from 
which there is a pipe into the funnel. The nag f engine, however, requires continual attention 
from the fireman, who has to vary its speed as the locomotive is ing” a or down inclines, or 

roceeding at a fast or slow rate. Again, on the elevated railway in New York, a different plan has 

n proposed to gain the desideratum of a silent engine. The exhaust, as before, goes into the 
tank, from which there is a pipe into the funnel, but the furnace has a close ash-pan, into which is 
fitted Hanccck’s blower, consisting of a square funnel, into the wide end of which are directed nine 
jets of steam, each J, in. diameter, regulated by the fireman as the pressure varies. 

One of the best street tramway locomotives yet proposed is that designed by Leonard J. Todd, 
of Leith. It is, however, only intended for light trafic. The driving motion is placed in a close 
box on the top of the boiler, so that it may be kept free from dirt and readily accessible. The 
driving wheels are of the Maneel! construction, 6 ft. diameter. The cylinders are doubled, each 
5 in. diameter and 9 in. stroke, and the working pressure is 150 Ib. a sq. in. The wheels are fitted 
with steel tires, and motion is given to them by a single pinion and wheel confined in an air-tight 
case, arranged to give a maximum speed of about 10 miles an hour. One of these locomotives for 
hauling a single 40-passenger car is calculated to give an effective power of 12 horse-power, and it 
weighs when loaded 3} tons. An engine of the same construction for two cars, with a maximum 
of 20 horse-power, will weigh 5 tons. <A silent blowing fan is pluced in direct communication with 
the close ash-pan, and one end of its spindle carries a bucket wheel, on to which the exhaust from 
the cylinder is directed through an adjustable nozzle. After thus driving the fan the exhaust 
enters the tank, where any water is deposited, and the uncondensed steam escapes into the funnel. 
A small steam pipe from the boiler is also attached to the fan casing, so as to drive the fan when 
the engine is standing. This apparatus, besides being silent, is self-acting, and it starts and stops 
with the engine. When going up an incline the back pressure increases and the fan runs fast; 
when going down hill, the steam being almost shut off from the engines, the speed of tle fan is 
very much reduced, and the blast in the fire-box diminished. The fire-box is furnished with 
water grate bars to prevent clinkers. A skid brake is attached to the engine as forming a more 
sure method of slackening the speed than by a brake on to the wheels, and the handle on the 
engine is connected with the brake to the cars, so that the fireman may have the control of both 
engine and carriages. 

A steam tramway car has been constructed by J. Grantham, in which the carriage is about 
1 ft. 6 in. longer than the horse cars now in general use. It has two boilers on the Field system ; 
these are placed in the centre, properly lagged, so thut the heat does not penetrate into the body 
of the car. The two cylinders are fixed underneath the frame, and they are attached to the 
driving wheels in the same manner as in an outside-cylinder Incomotive. The front wheels are 
placed on a sort of turntable frame, and they can be steered by the driver. The tires of the large 
wheels are flat, and the car is kept in position by four small guide whecls, which insert themselves 
in the grooves of the rails. The driver sits on the front plattorm, where the levers for working the 
engines are placed, and at the end of the journey they are detached and placed at the other end of 
the car. The boilers are supplied with coal frum a hopper at the top, and the amount is reyuluted 
by a valve. The fire can be inspected from a door at the outside of the car. 

Much may be said respecting the cost of haulage of goods by steam on common roada, but as 
no regular and continuous service has as yet been organized, all data on this subject must be 
considered approximate. Head statca, however, the cost of haulage by steam, as given in the 
following table, may be considered as approximately correct, though, owing to the continuous fluc- 
tuations in the price of labour and materials, it is difficult to form an accurate catimate. 


d. ad. 
Horses on common roads se te we ewe: SC BsiCétO «12. 2 ton mile. 
Steam oncommon roads... ..  .. « . - 8B 4g, ‘ 
Horses on tramway, if nearly level ..  .. .. 24,4, 8 ss 
Steamon tramway... .. .. «2 « se «oe Ib wy @ 7 
Steam on railway .. 0 .. «2 0c 0s oe ee i ee | re 


Heavy traction engines did not come into general use until about 1856. One of the first was 
Boydell’s engine, Figs. 1915, 1916. The boiler was constructed on the locomotive type, with the 
cylinders on the top, and the motion of the engine was transmitted to the driving wheols, which 
were placed behind, by a pinion working into a large spur wheel fitted to the rim of the drum. 
The cylinders were double, 7 in. diameter and 12 in, stroke; the driving whecls were 66 in. 
diameter, and were geared 12~1. 
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A large number of these engines were manufactured, and were found to pass easily over soft 
ground, and the great surface of the paddics on the wheels enabled them to develop a high 
coefiicient of adhesion. One of these engines made a journey from Thetford to London in 8 days, 
ae & gross load of 29 tons, but in point of speed and cost of haulage, the experiment was a 

Between 1856 and 1866 a few engines were fitted, in different parts of the country, with Bray’s 
spudded wheels. These engines, when running with the spuds, pulled well on most roads, but 
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they jolted so much that they seriously comer themselves, and, in addition, materially injured 





the surfaces of the roads over which they ran; besides which, it was found difficult at times to force 
the spuds out of their sockets when they were required to be put in action. One of these engines, 
weighing 15 tons, readily took a gross load of 45 tons up a causeway incline of 1 in 30; the adhesion 
required to attain that result being 37 of the driving weight, an amount of hold which no smooth 
rigid wheel would give on a paved street unless assisted by special mechanism. 

Taylor, of Birkenhead, a contemporary of Bray, brought out a novel design of road locomotive, 
which he called a steam elephant. he engines constructed upon this design had double 
cylinders, cog-gear, and very large driving wheels ; the boiler was of the marine type, with return 
tubes. One engine, of 6 horse-power nominal, with cylinders of 5 in. diameter and 10 in. stroke, 
having 6 ft. drivers, and weighing 6 tons, was tested against a number of horses, by first ascertaining 
the greatest load it could draw, and then employing horses to accomplish the same task, It was 
found to pull as much as 12 strong horses. ° 

In 1869, Tennant, of Leith, designed a road locomotive. It had outside cylinders, 7} in. 
diameter and 10 in. stroke, two gears of 64 to 1, and 15 to 1 respectively, and rigid drivers 68 in. 
diameter by 18 in. wide, fitted with cross-plates. The boiler was of the locomotive type, with 
wing water-tanks and large bunkers for wood. The single Jeading wheel was 60 in. diameter, 
fitted with 5-ft. bearing springs. The main axle rested on 6-in. indiarubber blocks. The weight, 
in running ordor, was 14 tons, of which 10 tons was supported by the drivers. 

In 1867, it was demonstrated that the indiarubber-wheel engines construeted by BR. W. Thomson 
possessed great tractive power, and therefore that they could be applied to the haulage of heavy loads. 
On steep inclines of pavement and macadam, small engines of only 6 tons, or 7 tons, readily drew 
loads that a powerful rigid-wheel engine could hardly have moved. The indiarubber wheels also, 
from their great bearing surface, enabled the engine ‘to pass easily over soft ground. A 6-ton 
engine took a load of 10 tone up an incline of 1 in 9, 20 tons up an incline of 1 in 20, and by itself 
ascended a grasa slope of 1 in 4}. A 7-ton engine, with 5} tons on the drivers, was tested by 
drawing a dead weight over a pulley. On good ground it gave a pull of 63 owt., with an adhesion 
ay ae of -576, and on a less favourable surface, a pull of 51 cwt. with an adhesion cocfficient 

°4 

One of Thomeon’s engines, with double cylinders, 6 in. diameter and 10 in. stroke, roa of 
7 to 1, and 14°6 to 1 respectively, and 60 in. driving wheels, carrying 5 tons, was, on many dificrent 
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occasions, carefully tested with Tennant’s road locomotive. As the latter had twice the weight on 
she drivers when compared with that on the indiarubber wheels, an excellent opportunity was 
afforded for proving the coefficient of adhesion between rigid tires and clastic tires. Tennant’s 
engine had 10 tons, and Thomeson’s engine 5 tonsa, on the driving wheels. On a dry and dusty 
mncadam incline of I in 12, Tennant’s engine took a gross load of 17 tons, giving a coefficient 
of adhesion of -32, and Thomson's engine took the same load of 17 tons, with u coefficient of °499. 
Again, on a dry macadam incline of 1 in 25, Tennant’s engine took 34 tons, with a coefficient of °38, 
while Thomson’s engine also took 84 tons, with a coefficient of -5. These two figures, 8 uud 5, very 


nearly represent the comparative value of indiarubber tires and of smooth iron tires on ordinary 
macadanm. In the trial each engine took the same load, but Tennant’s engine, from its ay a 
boiler power, readily ran twice as fast as its smaller competitor, the pot boiler of which would only 
keep steam for the slowest specd. : 


LJ . 1917. 
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A 10 horse-power goods engine, with 10-in. cylinder and 192-in. stroke, and with driv : 
6 ft. diameter and 18 in. broad, manufuctured by Aveling and Porter, of Rochester, abr elie: 
successful run, in point of consumption of fuel, in the trials of traction engines between Wolver- 
hampton and Stafford, in 1871. The useful load drawn amounted to 15 tons; the distance run was 
16 miles; the time occupied, exclusive of stoppages, was 4 hours 48 minutes; and the amount of 
coal consumed wus 2°85 Ib. a useful ton of load a mile. 

Home further experiments were made at Orange, United Btates, in the autumn of 1872, with 
the object of testing the capabilities of read locomotives, and their commercial value, in com . rinon 
with horse traction. The engine selected for those trials was one of 6 horae-power, by Ae 


and Porter, of which the following are tho principal dimensions: cylinder, 79 in. diameter, eli 
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10 in.; diameter of driving wheels, 5 ft.; breadth of tire, 10 in. ; total weight of engine, 5 tons 4 cwt., 
of which, 4 tons 10 cwt. were upon the drivers; the wheels were of wrought iron, and were fitted 
on their periphery with strips of iron laid diagonally across the face. These experiments were 
conducted G R. LL. Thurston, who gives an interesting account of them in a paper read before 
the Polytechnic Club of the American Institute. He sums up his remarks with the following 
comparison between haulage by horse and by steam power ;— 

“ The expense account when doing heavy work on the common road, under the described con- 
ditions, by steam power, is less than 25 per cent. of the average cost of horse power, as deduced 
from the total expense of such power in New York State; while, if we take for comparison the 
a west estimate that we can find data for, in our’ whole country, we still find the cost of steam 
power to be but 29 per cent. of the expense of horses. 


1919. 
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“'We may state the fact in another way. A stcam traction engine, capable of doing the work 
of 25 horsea, may be purchased and worked at as little expense as a team of 6 or 8 horses.” 

One of the moat careful and elaborate experiments ever recorded with traction engines, was 
carried out in 1866, under the direction of Tresca, with one of Aveling and Porter’s 10 horse-power 
traction engines of the following dimensions: cylinder, 11 in. diameter; stroke, 14 in.; diameter 
of the driving wheels, St ft., with cast-iron rima. The power of the engine was transmitted to the 
wheel, by means of a pitched chain, in the ratio of 1 to 20 for slow speed, and 1 to 14 for faat speed. 
The total weight of the engine, when loaded with coals and water, was 17} tons, or 142 tona without 
coals and water. Treaca sums up his report as follows ;— 

The engine drow, in a regular manner, upon a good road slightly undulating, a total load of 
59 tons. The coefficient of traction may be approximately cetimated at J,, which would bring the 
meéan strain to nearly 393 owt. taking into account the weight of the locomotive. This mean 
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effort, developed at a speed of 3°54 feet a second, brings the valuation of effective work to 
15,628 foot pounds a second, or to 27:61 horse-power. This figure will appear high if it be compared 
with the consumption of fuel, which was 3 cwt. 2 qr. 13 lb. in 3 hours and 8 minutes, say 
182°25 lb. an hour of actual travelling. This consumption represents only 4°40 Ib. of coal a 


horse-power and an hour. 
The corresponding consumption of water is not less than 182°22 gallons an hour of actual 


travelling. . 
The coefficient of adherence may be estimated on the road gone over at 0°38 of the adherent 


weight. ‘The adherence resulting therefrom was only necessary for the working of the engine up 


inclines of 1 in 33 to 1 in 80, and at starting. 
The load of 59 tons which the engine drew on level ground is not the limit of what it can draw 


under theze conditions. 
The speed of 2°48 miles an hour st) gaol suitable for traffic of this nature, and renders the 


manouvres 80 easy that the train is well managed by a superintendent, an engine-driver, and an 
assistant solely employed to guide the steering-wheel in front. 
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J. Fowler and Co., of Leeds, have perfected an excellent engine, which can be used for either 
heavy goods traffic or agricultural purposes. One of this class, Figs. 1917, 1918, may be taken aa 
the type of many now in use. The cylinder, 9 in. diameter, 12 in. stroke, ia placed on the top of 
the boiler, which is of the usual locomotive type, with 7°17 aq. ft. of te surface, and twenty- 
nine tubes of 2} in. diameter. The crank shaft is carried on plates riveted to the sides of the 
fire-box. This forms a compact arrangement. The gearing for transmitting the power of the 
engine to the driving wheels, at the rate of 14 mile an hour and 3 miles an respectively, is 
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of cast steel, and, together with the working parts of the engine, is enclosed, so as to prevent the 
nvise and motion of the engine frightening horses. A compensating gear, enabling the engine to 
turn sharp corners, is inserted between the main axle and the driving wheels. ‘he driving wheels 
are 66 in. diameter and 16 in. wide, fitted with indiarubber tires, and Greig and Aveling’s shoes, 
but the same engine may be used with wrought-iron tires if desired. 

With respect to the advantages of steam road rollers, Aveling states that the road being made 
for the traffic, and nut by the traffic, material is saved; the stoncs, instead of being left loosely upon 
the surface to encounter the grinding lateral pressure of the wheels, are forced by direct vertical 
pressure into the soft bed prepared for them, along with a binding material that fills up the 
interstices, and affording support for the stones, keeps them in position with one surface only 
exposed to the abrading action of the wheels. The whole eoating is consolidated, and there 
remains a surface hard and smooth enough to resist the disintegrating action of rain or frost. 

The steam roller, by reason of its weight, will consolidate and prepare for traffic newly laid 
macadam at the rate of 2000 sq. yds. a day, and by reason of its motive power, can work this 
greater weight for one-quarter the cost of the horse machine. Not only at the same time are the 

oose stones not torn up, but the heavier roller has the effect of turning down the sharp edges of 
the stones and leaving their flat sides uppermost, bedding them together in the road, so as to make 
a solid level surface. 

The sizes most in use are those weighing about 15 tons and 20 tons, with driving wheels 

respectively 5 ft. and 53 ft. diamcter. 
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Aveling’s road roller, Figs. 1919, 1920, somewhat resembles one of his traction engines, with 
the driving wheels converted into rollers, and the space between them covered by a pair of front rollers 
which also act as steering wheels. These front rollers are made conical, or dished, in order that 
on the ground line they may be close together; while above their axle thero is a space for a vertical 
shaft, serving as a support for the front of the boiler. To the extremities of this axle a forked, or 
saddle piece is attached, to act as a guide for the steering chains; and theee chains pass rearwards 
to a transverse roller, which is ated apn ® worm and pinion connected with the steerman’s 
wheel. By keeping the driving wheels d, instead of in front, as in the engines previously 
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described, the greatest bite is obtained in ascending inclines and going over soft places. Besides 
being capable of hauling trucks, this engine is furnished with a fly-wheel, and can be used for 
driving a stone breaker, or any other machinery connected with road making. Its weight is about 
8 tons, and the nomina] power of the engine is 5 horsc-power. 

In Paris the Gellerat system of steam road roller has been employed, Figs. 1921, 1922. This 
engine has been manufactured by Manning, Wardle, and Cv.. of Leeds. It has two cylinders, each 
7 in. diameter, aud 11 in. stroke, mounted on a locomotive boiler with 285 sq. ft. of Apa 3 surface. 
The rollers are 3 ft. 11 in. diameter and 4 ft. 7 in. wide, and are connected to the engine by means 
of pitched chains. The large-sized engines weigh 30 tons, and the small-sized engines weigh 
15 tons. On the side of the engine where the attachment is made with the crank shaft, the 
axles turn in radial boxes, fixed to horn plates, similur to an ordinary locomotive ; whilst on the 
other side, the axle-boxea are free to move backwards and forwards, sliding on the frame of the 
engine, and connected together by a rod with a male and female screw, worked from the foot plate 
by a vertical shaft connected by bevel wheels with the stecrsmau’s handle. When the engine 
moves in a straight line the axles are kept parallel; but when necessary to turn a corner, the 
centres on one side are drawn together, and consequently, the rollers act like a double steering 


wheel, turning the engine in a very small space. 
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Agricultural locomotives consist principally of s portable engive fitted with various methods of 
transmitting: the power from the crank shaft to the road wheels. 

According to T. Head, to whose paper on “Steam Locomotion on Common Road,” in the 
vol. M.LC.E., we are indebted fur this article and ite illustrations, the chief difficulty which has 
beset engineers in the constraction of this class of machinery, has been the impossibility of theoreti- 
cally calculating the varied strains to which the coinponcnt parts of such an engine are subjec 
iu the saine manner as in a railway locomotive. The principal proportions of the engines referr 
to here have been the result of long and careful experience and rious experiment. 


ROOK DRILL. 971 


The following data, respecting the cost of power in steam ploughing, was deduced from the 
various experiments and trials which were carried out at Wolverhampton in 1871 ;— 


The average consumption of coal = 161 Ib. an acre. 


‘s oe water = 115 gallons an acre. 

i oil and tallow = 5:1 oz. an acre. 

5 - water a lb. of coal = 7:2 lb. 

. - coal a mean I.H.P. an hour =7°1 Ib. 
‘ weight of carth moved a lb. of coal = 9°3 tuna. 


Figs. 1923 and 1924 represent C. Burrell’s farm locomotive. The boiler is multitubular, of 
the usual locomotive type; the cylinder is 9 in. diam. and 12 in. stroke, and the motion of the 
crank shaft is transmitted to the driving wheels, 5 ft. 6 in. diam., by means of two pitched chains, 
one on each side of the engine; thus relieving the main axle of the undue torsion which is liable 
to occur when only one wheel is coupled. Each chain pinion is provided with a clutch, so that 
the driver may disconnect either wheel when turning corners. The hinder part of the engine is 
mounted upon volute springs, set at an angle, so as not to interfere with the movement of the 
chains, and it has been found in practice that the use of springs diminishes, to a great extent, the 
wear and tear of these engines. The driving whecls arc made with wrought-iron spokes and cast- 
iron naves and rims, the latter partially covered with wrought-iron diagonal plates. 

T. Aveling, well known as an agricultural locomotive manufacturer, exhibited his traction 
engine fur the first time at the Royal Agricultural Society’s meeting at Canterbury in 1860, but it 
was not until the year 1871, that the Society considered this class of machinery sufficiently useful 
in agricultural operations to be placed on the competitive list of prizes. 

In the first engines designed by Aveling, the transmission between the crank shaft and 
road wheels was effected by means of a pitched chain, and the engine was steered by a fifth wheel 
in the form of a disc, placed at the end of u wrought frame fixed to the fore axle. 

Figs. 1925 and 1926 represent one of Aveling andPorter’s 8-H.P. agricultural locomotives. 
The gencral design outwardly resembles some of the engines already described, but care has been 
taken in the manufacture to make every part as light as possible, consistently with the work it has 
to perform. The boiler is locomotive, with 4°3 square feet of fire-grate surface; 30 tubes 2} in. 
diam. ; total heating surface, 130 4. ft. The cylinder is 9 in. diam., and 12 in. stroke and is 
placed ut the forward part of the boiler surrounded by a dome, from whence the steam is taken to 
the slide valve. The motion is transmitted by gearing. the toothed wheels being made of malleable 
iron to prevent breakage. An arrangement is previded for disennuecting the crank shaft from 
the tran of wheels, 80 that the power of the engine may be used for driving machinery used on a 
farm, through the medium of a fly-wheel placed on the side of the crank shaft opposite to the 
wheels. The main plummer blocks are supported on the outside plates of the fire-box, which ure 
earried up to the requisite height. This arrangement combines Hghtness with strength, avoiding 
many of the breakages which used to occur with the cast-iron saddles formerly used. The driving 
whecle are 66 in, diam., 12 in. wide, and may either be constructed of cast iron, wrought iron with 
diagonal strips, or with indiarabber springs on Adams’ patent. 

These engines, as well as those of Fowler, are provided with a compensating or differential 
gear, similar to thut attached to the wheel, Fig. 1912, for transmitting the motion of the crank 
shaft to the driving wheels, thereby enabling the engine to turn sharp corners without the use of 
disenguging-clutches. 

One wheel turns freely on the nave, whilst the other on the opposite side ia keyed fast on 
to the axle. A bevel wheel is bolted to the nave of the wheel, and one of equal size is keyed 
fast to the shaft. Between these the apur gear revolves, driven by the pinion on the crank 
shaft, and it carries in two recesses u couple of small bevel pinions, both gearing into each of the 
larger bevel wheels. 

The resistances being equa] on both wheels, if the spur gear is turned, it will carry with it 
both driving wheels at the same time with equal angular velocities, the effort exerted by the 
engine being equal on both wheels at all times; but in turning a corner, the greater resistance 
on the inside wheel retarda it, while the outer wheel neccesarily moves more rapidly over its 
longer path, and, as the engine excrts the same force on both wheels, the work done is dis- 
tributed unequally between them through the revolving bevel pinions, without either wheel being 
necessarily slipped or disengaged. 

ROCK DRILL. ; 

The labour of boring shot-holes by hand is extremely tedious; this has led to the invention of 
various machines for expediting the work, and thereby reducing both delay and expenditure. 

Tho simplest forms of rock drill ie that of the screw auger, turned by some device similar to a 
ratchet braco; but this is only available for use in comparatively soft ground, such ag chalk and 
some varieties of coal. A machine of this kind, termed a perforator, has done good service in soft 
ground, but it is obviously useless in very hard rock where a percussive action is necessary, and to 
offect’ thia is the object of the machines, Figs. 1927 to 1930. Fig. 1027 is of a rock drill devised by 
W. Weaver, of Pennsylvania; it consista of a frame of bar iron which can be readily taken to pieces 
for transport. The boring bit has a shoulder piece clamped on to the centre, and this is kept down 
by means of springs arranged on cither side; a light shaft runs through the machine, to which 
cams are attached, and this also carries a pair of fly-wheels and handics. When these are turned, 
the came alternately raise and release the bit against and from the pressure of the springs. thereby 
producing a succession of short powerful blows; a small cylinder attached to the frame of the 
machine coutaius water which is passed through the cock down to the bit, and assists the operation 
of boring. 

A reat advance upon this is the drill of T. B. Jordan, London, _ ; 

Fig. 1928 is a eoction of the machine; it is composed of an air-tight cylinder C, in which the 
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piston L is forced up twice in every revolution of the fly-wheels by the cams KK. This action of 
the cam compresses the air in the cylinder, which forces the piston down when released, and gives 
the blow, and at the same time feeds the tool forward, re cosine it to turn in the brass nut D, 
crewed to fit the upper portion of the drill bar. It will be seen, therefore, that, as the cams while 
lifting the piston turn the drill bar G, it nrust feed forward in proportion to the amount of stop put 
upon the nut D, by the bmke B acting upon the mitre wheels E in connection with it. The three 
actions absolutely necessary in rock drilling, heavy blow, variable feed forward of the drill, and 
constant turning of the latter in the bottom of the hole, are thus obtained by simple means, and 
without valve, tappet, or any complicated arrangement of parts. The cylinder is mado tight b 

lacing discs of leather in the upper gland and piston, so that the same air is compressed for eac 

low. 

The air in the cylinder can be compressed to any extent, and with the power of two men, 

150 blows of about 130 to 160 1b. each a minute can be delivered by these machines. 
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They are made in various forms to suit the different conditions under which they have to work ; 
but the power-cylinder and the drill bar, as well as all the parta requisite to give motion to tho 
tonl, are of the same construction in each case. 

In Fig. 1929, Jordan’s drill is mounted on a carriage, and adapted for boring holes iu a vertical 
or slightly inclined position, its most effective arrangement. : 

Fig. 1930 ix an illustration of a new form of rock drill constructed by Barlow and Co., of Man- 
chester. The machine consists of a light stand supporting guides which can be adjusted to varivus 
inclinations. The boring tool is not conn to the hammer, but rests on the rock, bein 
merely guided by the collars, through which it passes, and which ensure its being kept Parallel 
with the hole. One of the guide collars has an intermittent rotary motion given to it by a ratchet, 
this causing the tuol to be A redo rotated after each blow. 

The tool is struck rnpidly by a steel-faced hammer, worked by a crank through the medium of a 
spring. ‘The throw of the crauk is 14 ia., but when in full work the hammer under the action of 
the spring moves about double the stroke due to this throw, a speed of 40 revolutions a minute 
of the handle causing 212 blows a minute of about 5 in. fall to i struck by the bammer. The 
machine is simple, aud readily set to work. 

None of these afford, however, anything like the result that can be obtained by the diract 
application of power to driving the drills, this has been effected in numerous machines. Their use 
indeed forms the most remarkable advance which has been made in the practice of mining, sinoe 
not only is the miner relicved from the labour of boring, but the speed with which the shot-holes 
may be bored is increased one hundred fold; this gain of spord offers muny practical advantages. 
The ability to sink a shaft or to drive a heading rapidly may ensure the success of an undertak ng, 


and save large sums of money, and in all cascs it allows the time spent in preparatory work to be 


materially shortened. Machine drilis ae rock in the same way as the ordinary hand drills, 


namely, by means of a percussive action. The cutting tool is in most cases attached direotly 
to the piston rod, with which it consequently reciprocates. Thus the piston with its rod is made 
to constitute a portion of the cutting tool, and the blow is then given by tho direct action of tho 
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steam, or the compressed air, upon the tool. As no work is done upon the rock by the back 

of the piston, the area of the forward side is reduced to the ditoeneions ncconenry only to ie ake 
piston, and to overcome the resistance due to the friction of the tool in the bore-hole. The piston is 
made to admit steam or air into the cylinder and to cut off the supply, and to open the exhaust as 
required by means of tappet valves, or other suitable devices; and provision is made to allow, 
within certain limits, a variation in the length of the stroke. During a portion of the stroke, 
means are brought into action to cause the piston to rotate to some extent, for the purposes that 
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have been already explained. To keep the cutting edge of the tool up to its work, the whole 
machine is macod forward asa the rock is cut away. This forward or feed motion is usually 
given by hand, bug in some cases it is communicated automatically. 

The foregoing is a general description of the construction and mode of action of percussive rock- 
drills. The numerous varieties now in use differ from each other rather in the details of their con- 
struction than in the principles of their action, and the importance of the difference is, of course, 
dependent upon that of the details. It is but just to remark here that the first really practical 
solution of the rock-drilling problem is due to M. Sounneiller, whose machine was employed 
in excavating the Mont Cenis tunnel. 

The Duboi+~Frangois rock-drill, Fig. 1931, is of a type aJready discarded, but it was one of the 
first introduced aud has done good service. 

The piston B reciprocates in a cylinder OQ, The rod A of this piston is of comparatively large 
dimenaions, and is provided at its lower extremity with an enlarged section pierced to receive the 
cutting tool, The valve gear is vltogether of a special character. An ordinary slide valve G is 
cdunected to two slide pistons H and H’, each moving in a cylinder provided for it. The piston H’ 
has a larger surface area than the piston H. When the compressed air enters the valve chest, it 
exerts a pressure upon both pistons, which tends to force them in contrary directions. But as the 
area of ne is greater than that of H, tho pistons, being connected by their rods and the valve, move 
forward, This motion opens the port +, air is admitted above the main piston B. and the drill-bit 
is driven against the sack. H’ is, however, pierced by a amall passage f 4, which allows the com- 
preased air to pasa to the other side of it in J, by which means equilibrium is restored upon the two 
surfaces, and when established, the action of this piston is destroyed, and, consequently, the pressure 
acting upon the othor piston H, forces the pane in the contrary direction. This motion opens the 
port z, air enters below tho piston B, and the drill-bit is withdrawn from the rock. To cause this 
action of the pistons to be repeated, an annular projection C, upon the rod A, comes in contact 
during the back stroke with 5 aver: which, being raised, opens the valve E. The air in the space J 
cacapes, and the equilibrium of the piston H’ is ereby destroyed. 
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It will be seon that the action of this valve gear throws the motive force suddenly upon the per- 
cussion piston for the forward or working stroke, while it effects the return stroke in a less violent 
manner. The size of the air passage through the valve piston H’ is a matter of importance. To 
determine the most suitable proportions, many experiments were needed. If this passage were too 
large, equilibrium would be established too soon, and a consequent jerky motion would be produced 
in ia percussion piston; if it were too smull, the motion of the latter would be too sluw and 
irregular. ; 

The rotation of the drill-bit is obtained by the alternate action of two small pistons not shown. 
These pistons are single acting, and receive compressed air through opening upon the ports of the 
main piston B. The alternating action thus obtained is transmitted by a rigid rod Z to a ratchet 
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wheel Y, fixed up the rod A, in the fore part of the machine. The feed motion is accomplished by 
means of a screw, turned by a handwheel. The igs Put dimensions of the machine are ;—Total 
length, 7 ft. 2 in.; weight, 484 Ib. ; diameter of the cy inder, 24 in. ; diameter of the piston rod, 
1} in.; maximum stroke, 7? in.; weight of the striking masa, including 38-lb. borer-bit, GS Ib. ; 
length of feed, 314 in. 

This machine has an unnecessary degree of complexity, occasioned by the prescnce of no leas than 
five pistons. Those which actuate the rotating gear also appear to be ton much exposed to injury 
from dirt and gritty water. The ratehet gear being exposed, ia liable to injury from blows and 
strains otherwise caused, and to be impeded in its action by grit. It is really only serviceable for 
horizontal boles and has almost gone out of use. 

The Burleigh rock-drill, Fig. 1932, consists of a cylinder A, a piston B, with its rods, and a 
valve gear a,. Both the back and forward piston-rods pass through stuffing boxes in the cylinder; 
to the forward rod the borer-bit is fixed; the back rod, which is made smaller in diameter than 
the forward rod, to give a larger piston area on that side, terminates in an annular protuberance. 
This is intended to strike alternately during its reciprocating motion the back and forward arms of 
the tappet lever a, to which the rod of the slide valve is attached. The rucking motion of the lever 
thus produced communicates the requisite reciprocating motion to the valve, and by this means the 
desired action of the piston is ensured. To effect the rotary motion of the latt&, the back piston- 
rod is provided with a spiral feather, which works in a correaponding groove in a oylindrical piece 
fitting into the back portion of the cylinder. This cylindrical picce is provided on the outside with 
teeth, thereby forming a kind of ratchet wheel. A detent held up by a spring prevents the picce 
from turning in one direction, but allows it to revolve freely in the contrary. By this means the piston 
is made to turn partially round during the back stroke ; but during the forward stroke the piston 
turns the cylindrical piece before described, the motion of which in that direction is unrestrained by 
the detent. The forward motion of the cylinder, or feed mation, is affected automatically by means 
of the screw, actuated by suitable mechanism. This feed-screw passes through a gallowsframe 
affixed to the back end of the bed-plate and again through a feed-nut in the cylinder. The end of 
the piston is drilled out, in order that the feed-screw may not ba struck by tho former during its 
oscillations. The feed-nut is secured between two collars in a manner to allow of easy revolution 
and its outer edge is cut into a ratchet, into which works a pawl actuated by the piston. The 
turning of the nut by this means upon the fixed screw moves the cylinder forward. The 
mechanism by which this is accomplished is shown in Fig. 1932. When the tool has penctrated 
the rock, and the piston Here pay y advanced nearer the front cylinder cover, the protuberance 
upon the back piston-rod strikes against a catch, and thereby releases a lever. he latter is 
then forced inwards by a spring, so as to be struck by the head of the piston at the return stroke, 
by which means it is again restored to its original position. The other end of the lever being 
connected to sry frei before mentioned, the feed-nut is turned by the extent of one tooth. This 
action is repeated as the penetration of the tool progresses. Frequently the automatic feed gear is 
omitted from the construction, and the necessary motion communicated by hand. 

The principal dimensions of this machine are the following ;—Total length, 51 in.: weight 
166 lb.; diamenter of cylinder, 2§ in.; diameter of back piston-rod, 19 in.; diameter of forward 
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iston-rod, 2} in.; maximum length of stroke, 44 in.; weight of the striking mass, including 

lb. borer-bit, 84 lb.; length of feed, 22 in. In the Burleigh machine there exists considerable 
complication of parte, and many are of a fragile character. The striking gear by which the valve 
in actuated is liable to rapid wear and frequent derangement. Also its exposed situation on the 
outside of the machine must tend to favour the occurrence of such results. The mechanism for 
producing the autumatic feed is delicate and somewhat complicated. 

The Kainotomon rock-drill, Fig. 1933, is an improvement upon the Burleigh. It has a 
cylindor A, a piston and piston rod BC, and the valve gear at F. The valve is pivoted at H; 
it has an arm G, the Pos on which is struck by the two pistons alternately during the 
reciprocating motion of the latter; by this means the requisite motion is communicated to the 
valve. The motor fluid is admitted through 4 and the ports g 7, and exhausted through the port 
A, The rotation of the tool is effected by the same means in the Kainotomon as in the Burleigh 
machine, the ition only of the parts 
being changed. The piston rod passes aes: 
through a cylindrical piece D called the 
rotation tube, placed in the neck of the 
cylinder, and held in position by the 
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end of the tube DY are ratchet teeth c, 
into which the pawl d is forced by means 
of a spring c, the pawl and spring being 
held in position by a gun-metal cap. 
The teeth and paw) are arranged wo as to 
compel the piston rod to rotate during 
the kward stroke, and to allow it to 
turn freely during the forward stroke. 
In the forward end of the cylinder is an 
elastic packing ring EK’, which is held in 
position by a stcel washer E.; this serves as a buffer to mitigate the destructive effects of the blow 
should the piston strike aguinst the forward end of the cylinder. The feed motion is communi- 
cated by hand, by means of the fecd-screw L, which runs parallel with the cylinder, and is held 
by the lugs M M cast upon the cylinder. The machine slides in the jacket T. The universal 
clamp U deserves special attention, ag it allows the machine to be turned in any dircction, and to 
be fixed upon the cylindrical bar V, by simply tightening the set serew W, which acts upon the 
gripping plates ¢ and 4, and the washer m. 

The following are the principal dimensions of the machine ;—Total length, 36 in.; weight, 
205 lb.; diameter of cylinder, 3} in.; diameter of piston rod, 2 in.; maximum length of stroke, 
4% iu.; weight of the striking 1:nass, including 8-lb, borer-bit, 53 lb.; length of feed, 18 in. The 
valve in the Kainotomon drill is yery sensitive to rough treatment, and in ordinary work constantly 
out of order, 

The charneteristic peculiarities of the McKean machine drill are shown in Figs. 1934, 1935. 
Besides the anterior piston-rod to which the tool is attached, there is a posterior rod which passes 
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through the back end of the cylinder, and is prolonged through the valve and feed-gear chamber 
situate behind the cylinder. “Upon this prolongation of the rod is an enlargement of an ovoid 
form, as in Fig. 1934. During the reciprocating motion of the piston, this ae te strikes 
alternately the arma land / which hang upon the opposite sides of the piston rod. y this means 
an oscillating motion is produoed in the rod upon which the arms are fixed, which is communicated 
to the valve; the form and action of which will be understood from Fig, 1934. To give the 
requisite rotary motion to the tool, tho enlarged portion of the piston rod is provided with spiral 
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teeth, which gear into corresponding spiral teeth on a rotary cam-spindle o, provided with a 
ratchet wheel which is held by a pawl, so that the cam may turn only in one direction, namely, 
during the backward stroke of the piston. To produce the feed motion, a ratchet wheel ¢ is placed 
loosely upon the feed-screw n. This wheel is connected by means of the arm g’ with the arm or 
lever /’ upon the valve rod, as in Fig. 1935, and by this means the oscillating motion of the latter 
is communicated to the wheel. This motion is transmitted to a crown ratchet-wheel p, which is 
held up to the wheel g by a spring, and by means of which the cylinder is moved forward upon 
the feed-screw n. Such are the general and distinctive features of the McKean drill as applied in 
the St. Gothard tunnel. ; 

The following are the dimensions of this drill ;—Total length, 38 in.; weight, 150 Ib. ; diameter 
of cylinder, 3 in. ; diameter of anterior piston-rod, 2 in.; diameter of posterior piston-rod 1} in. ; 
maximum length of stroke, 4 in.; weight of the striking mass, including 8-lb. borer-bit, 32 1b. ; 
length of feed, 12 in. 

Fig. 1936 is a section of the Sach’s drill. As the details of construction are therein clearly 
shown, a general description of the action will be sufficient to make it understood. The slide 
valve is of the ordinary character, and the mode of admitting, cutting off, and exhausting the 
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motor fluid precisely the same as in an ordinary steam engine. The valve is worked by a bell- 
crank lever connected with the piston red in the manner shown in the drawing. Thus the inotion of 
the valve is wholly dependent upon that of the piston. It will be observed that ample clearance 
space is providrd at each end of the cylinder. To give the requisite rotary motion to the tool, 
another arm of the rocking lever communicates a reciprocating motion to a rod, to which are fixed 
two ratchet pawls held up against the teeth of a ratchet wheel upon a cylindrical piece, through 
which the rod passes ut the upper end of the percussion cylinder. This cylindrical piece is pro- 
vided on the inside with a groove in which a rib upon the rod slides. The action of the pawla 
causes the wheel to revolve. The feed motion is communicated by hand in the usual manner by 
means of a screw and crank handle, or wheel, az in the Dabois-Fraygois machine, Fig. 1931. This is 
the mode of feeding adopted in what is known as the low-pressure machine. In the high-pressure 
machine, which is made of small cylinder dimensions, the fved is made automatic by connecting 
Ee mechanism with the rotating gear. The Sach’s drill bas had extended application in 
zermany. 

In the Ingersoll rock-drill, Fig. 1937, E is the cylinder, M the piston, and LL the piston md, The 
valve gear is actuated by the ee through the medium of tappets, and consists of a slide vulve 
M’, two valve rois or spiodies B, and two tappet levers H. The action of this valve gear and of tho 
piston needs no description. The rotary motion of the tool is obtained by means of the apirall 
grooved bar S, recessed into the back end of the piston. A cap screwed! into the piston is providec 
with studs or feathers to run in the grooves of the bur. On the end of the latter is a ratchet wheel, 
into the teeth of which a pawl is held 
by a spring. This pawl, as in the case 1937. 
of some of the machines already de- 
scribed, forces the piston to turn durin 
the back stroke, but allows the spira 
bar to rotate during the furward stroke. 
The forward motion of the cylinder, 
or feed motion, is produced automati- 
cally in the following manner ;—As 
the tool penetrates the rock, the piston 
approaches the forward end of the 
cylinder, and strikes against a tappct 
lever H’, which partially rotates the 
rod RK in the manner shown in Fig. 
1937. This rod turns, by means of pawls and ratchet teeth, a nut upen the hack end of the 
cylinder, through which nut passes the feed-screw P, as shown at V. The rotation of this nut upon 
the feed-screw causes the cylinder to advance. 

The following are the principal dimensions of this machine ;—Total length, 30 inu.:; weight, 
155 lb.; diameter of cylinder, 23 in.; diameter of piston rod, 2 in.; maximum longth of stroke, 
4in.; weight of the striking mass, including 8-lb. borer-bit, 26 lb.; length of feed, 19 in. 

The Darlington rock-drill, Figs. 1988, 199, consists of only two parts; the cylinder A, Fig, 19:38, 
with its cover, and the piston B, with its rod. The cover, when bolted on, forms a part of the 
cylinder; the piston rod is cast solid with the piston, and is made sufficiently large at its outer end 
to receive the tool. These two parts constitute an engine, and with less than one fixed and one 





ROCK DRILL. 977 


moving part, it is obviously impossible to develop power in a machine by the action of an elastic 
fiuid. The piston itsclf is made to do the work of a valve in the following manner ;—The annular 
space affording the area for pressure on the fore part of the piston, gives a much smaller extent of 
surfaco than that afforded by the diameter of the cylinder, Fig. 1938; and it is obvious that, by 
increasing or diminishing the diameter of the piston rod, the area for pressure on the one side of 
the piston, may be made to bear any desired proportion to that on the other side. The inlet port C 
being iu constaut communication with the interior of the cylinder, the pressure of the fluid is 
always acting upon the frunt of the piston; consequently, when there is no pressure upon the other 
side, the piston will be forced backward in the cylinder, During this backward motion the piston 
first covers the exhaust port D, and then uncovers the equilibrium port E, by means of which com- 
munication is established between the front and back ends of the cylinder, and consequently the 
fluid made to act on both sides of the piston. The area of the back face of the piston being greater 





than that of the front face, by the extent occupied by the piston rod, the pressure upon the former 
first acts to arrest the backward motion of the piston, which, by its considerable weight and high 
velocity, has acquired a large momentum, and then to produce a forward motion, the propelling 
force being dependent fox its umount upon the difference of area on the two sides of the piston. Ag 
the piston passes down, it cuts off the steam from the back part of the cylinder, and opens the 
exhaust. The length or thickness of the piston is such that the exhaust port D is never open to its 
front side, but in the forward stroke it is open almost immediately after the equilibrium port is 
closed, and nearly at the time of striking the blow. It will be observed that the quantity of fluid 
exponded is only that which passes over to the back face of the piston, since that which is used to 
effect the return stroke is not discharged. 

The means employ: d to give a rotary motion to the trol consist of a rifled bar H, having three 
grooves, and being fitted at its head with a ratchet wheel Gi’, recessed into the cover of the cylinder. 
Two detents JJ, Fiz. 1038, also recessed into the cover, are made to fall into the tecth of the 
ratchet wheel by spiral springs. These aprings may, in case of breakage, be immediately renewed 
without removing the cover. Tt will be observed that this arrangement of the wheel and the 
detents allows the spiral bar H to turn freely in one direction, while it prevents it from turning 
in the contrary. The spiral bar drops into a long recess in the piston, which is fitted with a steel 
nut, made to accurately fit the grooves of the spiral. Hence the piston during its instroke is 
forced to turn upon the bar, but during its outstroke it turns the bar, the latter being free to move 
in the direction in which the etraight outstroke of the piston tends to rotate it. Thus the piston, 
and with it the tool, assumes a new position after cach stroke. 

The following are the principal dimensions ;—Total length, 36 in. ; weivht, 100 Ib. ; diameter of 
cylinder, 34 in.; diameter of piston rod, 2g in.; maximum length of stroke, 4 in.; weight of the 
striking muas, including 8-Ib. borer-bit, 35 lb.; length of feed, 24 in, 

For holding the tool, the outer end of the red is first flattened, to afford a seat for the nut, 
Fig. 1988. The slot is then cut and fitted tightly with a picce of steel K, forged of the required 
shape for the clamp, and the holder is afterwards bored tu receive the tool while the clamp is in 
place. This clamp K is then taken out, its fitting eased a little, and its end screwed and fitted 
With a nut. When returned to its place in the holder the clamp, in consequence of the clearance, 
can be casily drawn tight against the tool, by which means it is firmly held in position. The shank 
of the tool is turned te fit the bottom of the hole, upon which the force of the reaction of the blow 
18 reevived. 

The absenoo of a vulve or striking gear of any kind ensures a high degree of durability, and 
allows a rapid piston speed to be adopted without riak of injury, whilst as the piston controls its 
own motion, there is no liability to strike against the cylinder cover. ; ; 

This drill hus been much used beth in England and on the Continent, and its employment in 
many leading mines has contributed materially to solving the dificult problem of increasing the 
speed of driving levels and ainking shafts by the employment of rock-boring machinery. 

The Schram Rock Drill, Figs. 1940 to 1942, consiats of the following simple moving parts id, the 
main piston; f, the slide piston and slide; [ pq, the rotating movement with its piston. Fig. 1941 
shows a longitudinal section of the machine, and Fig. 1942 a plan with section of the slide box 
through g 4. When tho piston d is in the position shown in Fig. 1941, air, on the cock being opened, 
cnters the cylinder e through the port 4, and pressing on the lower end of the piston d, forces it 
backwards, causing the backward stroke. As soon as the piston d has passed the port ¢, the air 
rushes through that port into the small cylinder g, in the slide box. At this moment, when the air 
Presecs upon the upper end of the elide piston f/, the cylinder & in the opposite end of the slide box 
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i j circular hollow in the piston rod r; 
is i ication with the outlet s through the port ¢ and the circu : 
fousequoniy the slide piston with the slide is moved downwards, 80 that the passage A is opened for 
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the admission of air from the slide box, whilst the lower end of the cylinder through the port 5 now 
communicates with the outlet s. The air now entering tho cylinder o’ through the open port A, 
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presses on the upper end of the piston, forcing it forward, and thus causing the drill, carried in a 
socket at the extremity of the piston rod, to strike with the impetus of its own weight and all the 
power of the compressed air against the rock. As soon as the piston d has passed the port j, air 
enters through it into the cylinder 4. At this nfoment the cylinder g communicates with the outlet 
8 through tho port e and the circular hollow r in the piston rod, and the slide piston with the slide 
ig moved back into the same position, as shown in Fig. 1941. Meanwhile the piston ¢d has completed 
its stroke ; the cylinder c’ is, through the passage kh, in communication with the outlet s; and 
compressed air again rushing through the re-opened passage 5 causes the action just described to be 
“epeated so long as the supply of motive power is kept up. 

It is an important feature in this machine that the slide rod f is made in the form of a double 
apindle-valve. By this method of construction it remains in position without any recoil until the 
piston d has made the greater part of its stroke. 

As in some varieties of rock it happens that the drill often sticks fast, there is a reversing rod ¢ 
to suddenly reverse the slide, and thus pull the drill out of the hole. 

With careless workmen it would frequently happen thit the piston would strike against the 
lower cylinder cover, therefore there is an air cushion at the lower end of the cylinder. In addition 
to this there are an iron ring and un iudiarubber washer, exchanged fur one of wrought iron when 
steam is used, with the object of mudcrating the violence uf the shock such blows, inadvertently 
permitted, would cause. 

In order that the hole drilled be perfectly round, it is nceessary that the cutting tool should 
partially rotate at each backward stroke, so that its cutting edge shall cvery time strike the rock in 
a fresh place; but in order nut to lose any powcr it must always make its forward stroke without 
rotating. For thia purpose a twisted bar 1s employed, connected with u grooved dise p, and a 
brake gq acted upon by a small piston 2. Communicating from the slide box with the main cylinder is 
fn anall port om, by means of which the compressed air exerts a constant pressure upon the upper 
end of the piston i When the main piston d makes its backward stroke, the eylinder ¢’ is in com- 
munication with the outlet, and couscquently there is no pressure on the lower end of the piston /. 
The constant pressure on the upper end of this piston, therefore, now presses it upon the brake q, 
which presses upon the disc p, preventing it from turning, and thus the main piston d@ is foreed to 

artially rotate round the twisted bar secured to the disc. But when the mair piston makes its 
orward stroke, and steam or compressed air fills the cylinder c’, the motive fluid enters through the 
sinall ports uu, and presses on the lower end of the piston /, thus counterbalancing the constant 
pressure on the upper end. There being now no Whbgeak on the brake qg, the dise p is free to 
rotate, and the piston @ makes its forward strokc without rotating, partially turning the disc as it 
procecds by means of the twisted bar. 

In all cases a manual feed is to be recommended, as in some rocks the drill will occasionally 
stick fast. When this happens it takes much longer time to clear the cutting tool if an automatic 
feod is in use, than in simply giving the handle of a manual feed a turn or two, which is all that is 
necessary to loosen the drill aud permit of the boring being proceeded with. Moreover, the work- 
men are never so attentive to their work when they have nothing to do but to look on, as they are 
when they have the machine constantly under hand. Thus, apart from the increased complication 
and greater wear and tear to which even the best automatic feed motion renders any machine 
liable, such a feed has always been found objectionable in actual practice. 

Tho feod can be made ag long as desirable, but iu the large Schram machines it is generally 
such as to enable holes of 3 ft. in length to be bored without any change of drill points; but 
the machines are sometimes made with a shorter feed, and consequent reduction of weight and 
length. 

Through the perfectly free action of the main piston, and because the motive fluid is admitted 
to the whole aurface of its upper end, each blow is extremely powerful; moreover this free action, 
combined with that of the slide pixton, allows the machine to be run at a very high speed and enables 
it to be worked with a very low pressure. Its principal feature, however, is its remarkably small 
consumption of compres~d air, as an air compressor which would only be able to drive one 
machine constructed on the early systems, will casily drive two of Schram’s, the diameter of 
cylinder being the same in both cases. There being no parta exposed to blows, and the principal 
parts being directly actuated by the motive fluid, this machine is Tess lable to wear and tear 
than those of other systems, It should also be observed that the working parts are all inside tho 
evlinders. 

Fig. 10453 is a perspective view of Schram'’s rock drill mounted en an adjustable tripod. 

Assuming the necessity for a high degree of strength and rigidity in the support of a rock drill, 
it should also allow the machine to be readily adjusted to any augie, so that the holes may be bored 
in the direction and with the inclination require ; otherwise the machine is placed, in this respect, 
at a great disadvantage. If a machine drill is not capable of boring in any position, nnd in any 
direction, hand labour will have to be employed in conjunction with if, and such incompleteness in 
the work of a machine constitutes a serious objection to its adoption. 

Besides allowing of the desired adjustment of the machine, the support must be ilself adjustable 
to uneven ground; as the bottom of a shaft which is being sunk, or the sides, roof, and floor of a 
heading which is being driven, prosent great irrezularities of surface, the support must allow of 
ready adjustment. Thus the means by which this is effected should be few and simple. A large 
a eid of the time during which a machine drill is in use is occupied in shifting from one 
position or one situation to another; and as this time reduces in a proportionate degree the 
ele of eee over hand labour, in respect of rapidity of exccution, it should be shortened 
as far aa ible. 

The drill support must be of small dimensions, and eufficiently light to allow of ite being casil 
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carried on without hindrance. A dril) support that occupies a large proportion of the free space in 
a shaft or heading ia thus @ cause of inconvenience and a source of serious delay. In underground 
workings, manual power is generally the only power available, und therefore it is desirable that 
both the machine and ita support should be of “such weight that each may be lifted by one 
man. 

In spacious headings, such as are driven in railway tunnel work, supports of a specinl kind may 
be used. In these situations, the conditions of work are different from those which exist in mines. 
The space ia less limited, the heading is commenced at surface, and the floor laid with a tramway 
and sidings. In such a case, the support may consist of a massive structure mounted upon 
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wherls to run upon the rails. This support will carry several machines, and to remove it out of 
the way when occasion requires, it will be run back on to a siding. But for ordinary mining 
purposes, it is unsuitable. 

The simplest kind of support is the stretcher bar, Fig. 1944. This consists of a bar so con- 
structed that it may be lengthened or shortenrd at pleasure by means of a screw. It in fixed in 
position by screwing the ends into firm contact with the sides, or with the roof and the floor of a 
heading. or with the side of a shaft, The machine is fixed to this bar by means of a clamp, which, 
when loosen: d, slid)s along the bar and allows the drill to be placed in the required position, and 
to be directed at the required angle. The stretcher bar, Fig. 1944, is that which is used with the 
Schram drill; in it righty and lightness are combined sn the highest possible degree by adopting 
the hollow ection. The mode of setting the strctcher bor in a ehaft is indicated in Fig. 1945; in 
this case two drills are worked upon the xame bar. A similar mode of fixing the bar is adopted in 
a heading; but the uaually smaller dimensions of the Intter excavations render it inconvenient to 
work twy drills upon one bar. 

In headings, a more satisfactory support ia uff'rded by a bar snitably mounted upon a carriage 
designed to rnu upon rails. The carriage consists simply of a trolly, to the fore part of which t 
bar is fixed by some kind of hinge joint. It is obvinus that the details of the construction of this 
support may be varied considerably, and numerous designs have been introduced and adopted. 

Sehram’s carriage support, or gadding car, for driving galleries and headings, ia shown in 
Fig. 1946 ; it consists of two vertical stretchers, on which the rock-boring machines are arranged, 
and from which they may be dircet:d at any desired angle. Each carriage will aocommodate from 
two ty four mac]. ines. 

When the carriage is at the working face, the stretchera, which during the removal have been 
lifted by means of nuts, are lowered on to a picce of hard wood; the stretchers ere then fastened by 
upper acrews, a piece of wood having firet been fixed above their crowns. When the main air-pipe 
ie connected with the carriage, the machine may be levelled to any desired height, and when 
fixed by the universal joints to which the machines are attached, the boring may at once com- 
menee, 


When oll the holes are bored, and the support mnst be removed, the stretchers 
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enough to allow the stretchers to remain upright while the support is removed, it is only neces- 
sary to remove the screws by which they are held, and the stretchers can be laid back on the 
Carriage. 

It evil be seen that this support is easily fixed and removed, and that it allows a free space for 
the boring machines and the workmen, while the machines may be directed at any desired angle. 
There is no doubt a great advantage in working with two 1944 
separate supports, for when the débris from one side has been ; 
removed, the boring can be recommenced with one support 
while the other side is being cleared, and thus a considerable 
saving of time may be effected. 

For open work, as in quarrying, where the stretcher bar 
cannot be used to steady the machine, heavy weights are some- 
times hung upon the legs of the tripod, and for the boring of 
vertical hules, the supports generally employed are tripods. 
One attached to the machine, Fig. 1943, consists of three legs 
jointed on to an iron frame. The front portion of this frame 
is a cylinder on which the rock-boring machine is held by 
means of a movable universal joint. Hach leg can be easily 
lengthened or shortened by a telescopic arrangement, so as to 
suit any inequalities of the ground; und so long as the weight 
of the machine is kept behind the two front legs of the tripod, 
holes ean be drilled vertically or at any slant. 

' Other machines are fitted with three legs, so that a sepa- 
rate universal joint and tripod are unnecessary. ‘This form 
ix admirably adapted for quarrying and workings where a 
large number of small holes are required, as one man can 
comfortably move about and fix the entire apparatus wherever 
desirable. When it is necessary to bore holes close to a per- 
pendiculur wall of rock, the back leg can be removed and the 
machine allowed to rest against the rock on its two front legs; 
in this way holes may be drilled at the very foot of the straight 
wall. 

A long, low support for drilling horizontal holes, with a very great resisting power being placed 
in its rear, can also often be employed to advantage, 

In boring holes in a horizontal or downward direction for which water must be uscd, it is 
advisable tu employ compressed air to inject it, ‘This cau easily be done by having a wrought-iron 
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air-tight cistern, either running separately on wheels or attached to the carriage, into which com- 
pressed air is admitted by a branch from the main air tubing. From this the water is led to the 
face by means of flexible tubes, furnishod with cocks, allowing a thin stream to be forced into the 
holes by the air pressure on the surface of the water in the cistern. The attendance of a man or 
boy to apply this water injector may be dispensed with, by clamping the nozzle or cock-piece to a 
Universal clip working on an irod at | which, resting against the side or face of the rock, allows the 
jet of water to be directed into and in a straight line with the hole being bored. a 

When machinos driven by compressed air are worked at any distance from the compressor, it 1s 
necessary to have an extra air receiver a short distance from the face, in order to counteract the 
draw or friction through the tubos, especially if these aro of small diameter. ; 

It is sometimes the case that winches and other machinery in different parts or a mine are 
driven by compressed air, conveyed in branch pipes from the main tubing. In sucb cases separate 
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air receivers are very necessary, a8 all fluids have a tendency to rush with the greatest velocity to 
the largest outlet: and, without receivers to equalize the distribution, machines consuming the 
least quantity of air would be insufficiently supplied. Me 

Fig. 1947 is an elevation of a complete boring plant, arranged for driving a level and shaft 
sinking simultaneously. « is the boiler; 4, air compressor worked by steam engine with cranks at 





right anyles ; 4‘, connecting pipe between air compressor and air receiver; +, air receiver fitted with 
safety valve and pressure gauge; d, air pipe down shaft; ¢, small air receiver, at junction of level 
with main shaft, to distribute uir; f, air distributor to distribute sir to two or more machines: 47, 
flexible indiarubber hose ; 4. rock drills mounted on stretchers 1; 4, rock drill for shaft sinking 
connected with main pipe by flexible hose 7; /, half length of stretcher uscd for shaft rinking. 

In order to ventilate the face of a headimy, it is well to lay a branch length of tubing from the 
main tubing to the face, with a cock at the junction, so that after blasting, when the air is not for 
the time required for the boring machines, this cock can be opened and the noxious fumes from the 
explosives driven out from the face. If this plan is not followed, cither the workinen must remain 
idle for came time, or else the indiarnbber hose must be carried up to the face through all the 
smoke and bad gases, and thus be exposed te considerable damage und knocking about. For the 
braneh tubing, cla imperfcet pipes may be utilized. 

In open blasting above vround, in any places where the quantity of work done is not very great, 
as in small quarries, and the bke, rock-boriny machines are often from various causes worked directly 
by steam. Stil. though some rock-Loring machines work admirably with steam for the motor, apd 
thongh by using it instead of compressed air, the saving in fuel ix often as much as from 50 te 60 
per cent. ib is generally advantageous to employ air, When the machines ure cold, as is always 
th: case In working with air, they are much ensier to tix than when heated with stenn ; the 
operator is not inconvenienced by the exhaust steams; the machines require Jess lubricating : and 
the hose will Iast considerably longer, Summing up thes: advantages, it will be found that 
the saving in oil, in hose, aud in the time cecupicd in fixing the machines, more than counter- 
balances the increased consimption of coal, and in a short time defrays the cost of an air compressor, 
If there be available water power to drive the compresaor, of course the advantage ia all on the sido 
ofair. Moreover, if steam be carried a long way, large tubes must be used, and the pressure is 
algo materially reduced; and every rock-boriug machine works better at a low pressure when 
driven by compr: ssed air than it does when sted is need. 

It is almost invariably found that whenever hand borers first commence to use machines, they 
endeavour to fellow their old custom of putting in holes here and there indiscriminately ; thie 
must at ence be stepped, and regular systematic working insisted upon. For in«tanee, in open 
blasting they must proceed in steps, or tiers, and bore the holes in rows. By so doing the total 
result of the blasting is infinitely greater, because the holes have a better general effect; 
and a good place for fixing the machines Leing always procured, there is a great saving in 

ime, 

The rows of holes should, in imnost cases, be discharged by clactricity, so that through their 


simultaneous explosion the greatest possible effect he obtained: Isolated holes not copnected with 
the system may be fired one utter another by safcty tuse. 
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For large excavations it is advisable to bore holes of a large diameter, 
fron 10 to 15 ft. deep, using a large-sized machine on a heavy tripod ; but 
in ordinary causes, where the most advantageous holes are those of from 5 to 
6 ft. deep a smaller machine, made with the legs fixed dircetly on to it, 
which ono workman can casily handle and fix wherever desirable, is the 
best. 

For quarrying very large blocks of stone, special supports adapted to 
the nature of the work must sometimes be employed, though the small 
machines with lega, just mentioned, will generally be found sufficient. The 
plan followed, whon the quarry is pores kept so as to have two sides 
open, is to bore a row of holes parallel with the face, and then to discharge 
them simultancously by electricity. By this means an cffect not to be pro- 
duced by any other means is obtained, the superiority of which ia eminent. 
Great judgment is requisite in charging these holes, so az to loosen the 
mass of stone without splitting it up; and if the experience that can 
alone determine the exact charge is lacking, it is far better to under-load 
than to over-lowd them, 

There are several different ehapes of drill-bits used in machine boring. 
We have already referred to this part of the subject in the article on 
Blasting, p. 142. 

Whenever machinery is employed in rock-getting operations, the holes 
Khould invariably be bored us decp as possible, that is to gay. as deep as 
the explosives uscd will produce a satisfactory result. For instance, if holes 
I yd. deep are drilled in a gallery, and after proper blasting have sockets 
of 1 ft., it is a proof that they are too deep, and then shorter holes, say of 
2 ft. 6 in., must be tried. The advantage of deep holes is that thereby o 
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twofold saving is effected; the gain in time by reason of the fewer 
fixings and removals of the machines; and the diminution of working 


ln galleries, headings, and shafts, it is always necessary, unless the 
Whole face can be flred at once by means of electricity, to first blast out 
one portion of the rock ao as to liberate the remainder, ln ao doing advan- 
tago tuust be taken of any natural features such as slips, shakes, veins, 
beds, facings, or wada, which the stone may present ; the mode of proceeding 
will of course vary according to the circumstances, 
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When the rock is solid it will generally be found most advantageous to bore rows of holes 
directed towards the centre, to be fired before the side holes, which they are intended to liberate. 
These liberating holes for the most part require charging a little heavier than the side holes. 

The rate of progress which is possible by using rock drills instead of hand labour is exceedingly 
difficult to estimate, inasmuch as it depends to ao large an extent upon the local peculiarity of 
a rock, which is an ever-varying quantity. No calculation can be based upon the statement that 
a given rock drill will bore a certain number of holes the given depth in granite in a minute, 
since there are no two granites alike, either in composition or mechanical structure, whilst it is a 
well-known fact that granite is by no means the hardest or most difficult rock with which an 
engineer has to deal. As an approximate guide, however, the following data obtained from 
practice with one good rock drill of modern construction, having a cylinder of 2] in. diameter, and 


working in a level of 7’ by 7’, is of interest; the time occupied in each case was four weeks, the 
explosive dynanite. 


PROGRESS MADE WITH ONE Rook Dri. 











Strata. Pressure of Air. Distance. 
Ib. yds. 
‘In sandstune conglomerate ..  .... 40 3$O 
go mountain limestone ..  .. 0 6. oe 34 28 
‘4, Cornish capel ..0 6. 6. wees 50 18 
1, green stone... .... a- wee “Ee 50 16 
| vy granite A ee ee ee 45 20 





ROLLING STOCK. 

The improvements which have been effected in the construction of passenger rolling stock 
since the introduction of railways are very considerable, but nowhere is this more noticeable than in 
the case of third-class carriaves. At first the third-class carriages employed for short distances 
were simply open trucks, without any seating accommodation ; for longer journeys seats were pro- 
vided, but no kind of protection from the weather, or from the dust, or sparks from the engine, 
Now we tind the third-class carriages on many lines rivalling in comfort and convenience the 
accommodation provided for first and second-class passengers. 

In the present article we have endeavoured to present as large a number as possible of the 
different types of British, Continental, and American pussenger carriages and goods wagyons, so as 
to show the present most approved and generally practised methods uf construction, rather than an 
elaborate treatiwe on the scientific principles of construction. 

For passenger traffic, long carriuges will be found to run very much easier and steadier than 
short ones; while in cases of collision they are considerably safer, being not nearly so likely to mount 
on each other as the shorter and consequently lighter carriages. This fact is very generally 
recognized at the present day; for whereas formerly all parsenyer carriages were carricd on four- 
wheeled underframes, the first-class carriages consisting of three compartments, and the second and 
third usually of four compurtments each, we now find the carriages constructed with five, six, or 
more compartments each, carried on underframes supported by six wheels, or by two four-whee led 
bogie trucks placed near the ends of the underframe; and besides this inereage in the number of 
compartments, the several compartments are now much longer than they were formerly made, which 
still further incrcasea the length of the carriage. 

As regards the seating of passengers, the safeat way, thongh not perhaps the most seriable, is 
that adepted in ommnibuses or trata-cars, namely, longitudinally, shoulder to shoulder, instead of face 
or back to the engine; the risk of serious injury from any violent concussion being wuel: leas 
with the former method of seating than with the latter. 

The underframe is the foundation of the vehicle ; it should be simple, durable, and strong, easily 
repaired, ¢casily maintained, and should carry its load aud resist conenssions without injury oraltern- 
tion of form. The alterations of form to which underframes are most liable are, bogging, or droap- 
ing atthe ends, rising at the middle like the back of a hog: and going out of suare horizontally, so 
that the frame evases to be rectangular. Beth of these affections are injurious, the firat chiefly 
because it strains the body, or upper works, loosening the joints, splitting the panels, and jamming 
the doors; the neeond because it alsu strains the body. and besides deranges the wheels and axles, 
cauaity irregular mnevements on the roils. One yvreat and pripeipal causa of hogging urixea frou 
the frame being uncqually supported by the springs; ax, for example, when the ceutees of the axles 
are too near, leaving the ends inaufliciently supported. Hogging may be partially checked by 
placing the heart side of the sole uppermost, and i. placing the wheel centres sufleicntly farapart, 
atu littice over half she total length of the underframe; or it may be cntirely prevented by atiffon- 
ing the frame with iron plates, or by trassing. The conditions neecsaury to be fulfilled in order to 
obtain a strong, simple, and durable undertrame are, that it shall be simple in ite arrangemonta, few 
in Its parts, direct in ite connections, and completely defended by springa. 

Wheels and Axcles.— The body of the whecl should be inde pemient of the tire for ite form and 
strength, so ag to remain unalterable whatever may be the condition of the tire. For this reason, 
ree spukes of the wheel should be vufficiently numerous to maintain the rim inflexible; a 3-ft. wheel 
a iL sBar ieee of all eh which would give, at the rim of the whoel, inturvals of 12 in. 
ee pokes. | wheels are, however, much to be proferred to spoke whoels, us they may 

more ninply made, and afford a continuous bearing to tho tire. 
ede Ls ae ate should be quite distinct from the bady of the wheel, #0 as to be 

y revewadie, and should consist of a rigid ring, capable of preserving its form even after it is 
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well worn, The most usually employed material, both for tires and axles, at the present time, is 
Bessemer steul. 

The body of the wheel should possess some amount of elasticity, so as to cushion the blows 
radially, and to resist those from lateral concussions; a condition which is admirably fulfilled by 
Mansell’s wooden dise whecls. 

The necessary variutious in the dinmeter of the axle should be made gradually by a series of 
undulations or curves; not suddenly, by steps: so that the elasticity of the axle may be uniform, 
and the pulsations by concussion uninterrupted. The fulfilment of this condition greatly promotes 
the durability of the axle, a square neck or shoulder being an incipient fracture, which sooner or 
later ia sure to produce failure in the axle. 

Azle Boxes.—-Axle boxes are in good working order when the lubrication is free and constant ; 
whon there is no heating, no waste of grease; when the external dust and grit are excluded; when 
there is no lurching fore and aft, and no injurious end play. In order to fulfil these conditions, the 
bush should fit easily upon the journal, and should be tight nowhere; the grease chamber should 
be capacious aud kept full of grease; the grease holes should be wide, and should be occasionally 
probed to clear the passages; the axle box should be entirely closed upon the journal; and there 
should be provision for readily compensating the end wear. 

Axle boxes should be of toughened cast iron, and they may be in one main casting, in two cast- 
ings, or in three. The fewer the pieces, the less is the probability of loose working or noisiness ; 
but the less is the convenience also, for by casting the cover and the bottom separately frum the 
badly of the box, they may be removed at any time, und the interior freely inspected and cleaned 
out; while by properly fitting and fixing the castings together, the cover being held down simply 
by the spring, and the bottom fixed up by two bolts and cotters, with a thin packing of leather or 
hemp to take off the concussions, a practically tight and solid box is obtained. 

The guiding grouves on the outside of the axle box should be of the full depth of the box, to 
ensure steadiness, particularly if the spring be not bolted tu the box ; they should be only just slack, 
longitudinally, between the horns of the guard, so us to keep the axles square; and for high speeds 
they should be only } in. wider than the thickness of the guard, laterally ; but for low speeds, of 
see 20 miles an hour, they may be } in. wider, as the Jaterul freedom steadics the motion, and 
redacces the tractive power required. 

fearing Springs.—The bearing springs are formed of steel plates, of a general width of 3 in., by 
y in. thick; the top and bottum being 3 in. thick, and the number of plates nine or ten. The 
springs have usually, in addition, a teusion plate of wrought iron, § in. thick, placed upon the top 
plate; eyes ure worked iv the ends of this tension plate to receive the suspending links, which are 
pinned to them and to the scroll irons, these latter being simply plain wrought-iron brackets, which 
are bolted to the underframe., The ordinary length of the springs, when weighted, is about 
5 ft. Sin, the tension plates 5 ft. 6 In. to the centres of the eyes, and the scroll irons 6 ft. apart 
bet ween the centres. 

The spring should not be bolted rigidly to the axle box, but should be simply placed upon 
it, to promote free action, and sufficiently checked to prevent lateral displacement. 

Ale (uards.—Axie youards, or horn plates, are formed of wrought-iron plate, © in. to ? in. thick, 
and are bolted to the inside of the side soles, and they are generally made of the form known as the 
W. In these the guards are usually of bar iron 3 in. wide, doubled up at the forge to form the 
guides or horns, and with wings of bar iron 2} in. to 3 in. broad, welded to the guides near their 
lower ends, and carried up with a spread to join the side soles; the guards being 3} in. thick, 
and secured to the side soles by g-:n. bolts and nuts, three in the bend and two in cach 
wing, making seven in all, The extreme bolts in each guard may be as much as 3 ft. apart: 
for the farther apart the mere command they have over the wheels and axles. Laterally, 
their stiffness depends on the depth of their hold upon the side soles, and they should 
ther fore be sppliced for its whole depth, or as much of it as may be convenient. Besides the 
spread, the solidity of the bolt fastenings is to be regarded. If the bolt leads be reecived, on the 
outside, merely on washers, they are likely te work Joose in the timber, which is wanting in firm- 
ness to resist the tendeney of the bolt holes to wearovally. The bolt heads should be received upon 
large washer plates, } in. thick, counterparts, in fact, of the bearing surface of the guards inside ; 
these washer plates, crbracing a large surface of timbcr, bear solidly and firmly, and Keep the belts 
tight. A still better plan, beth for simplicity and firmness, is to cover the whole area of the side 
sole at each guard with she t iron ta the depth of the sole ; or where the side soles are plated over 
their whole length and depth, for the general purpose of strength and simplicity, no washer plates 
are required at all, and at the same time the best possible surtace is afforded for bolt held. 

The ends of cach bur are tied together by a stmp bolted to them, and it ts common also to 
connect the guands, on each side of the vehicle, with a 13-in. round tie-rod, in order to stiffen 
the guards and to assist the frame; this tie-rod being formed cither in one forging with the straps, 
or separately bolted. ‘The separate attachinent is better then the continuous forging, as the strapa 
may In the former case be mere conveniently removed when the wheels and axles have to be taken 
out; besides which, when the continuous forging is removed, the undertrame obeys its natural 
tendency to collapse, or hog, and consequently it is troublesome to replace the tie. 

Ruging and Dra Springs-—TVhese springs vary considerably, both in their form and material. 
Sometines lawinated steel springs, similar to the bearing springs, are employed ; in other cases, 
they are formed of cireulur dises of indiarubber, these discs being strung upon the buffing or driw 
roda, and the separate dises beipg kept from contact by means of thin plates of metal placed be- 
tween them, A third form of spring employed is the helical or spiral spring, which is formed 
of a rod of atecl twisted into a coil or volute, the section of the steel red being usually circular, but 
sometimes oval; the volute proper is made of a plate of stecl twisted into a coil. In sume cases one 
set of springs are made to do duty both as drawing and bufling springs. 

urther particulars concerning, and remarke upon the conetruction of, wheels and axles, and 
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springs, will be found under the head of Goods Waggons, and in the article AxLEes and AxLE 
Boxes in this Dictionary. ; 

Figs. 1948 to 1951 relate to a second-class carriage of the Great Eastern Railway, fitted 
with the Westinghouse automatic brake. This carriage is divided into five compartments, and 
is carried on six wheels, the end pairs and those in the centre being somewhat differently mounted. 
The materials employed in the construction of the carriages of which this is a type are throughout 
of the very best quality, and the workmanship and style of finish are altogether of a very superior 
description, so that the carriages are excellent specimens of the present style of yteapaae bas rolling 
stock construction. Fig. 1948 is a half side elevation and half longitudinal section; Fig. 1949 a 
half end elevation and half cross section; Fig. 1950 a cross section showing attachment of brake 
blocks, und Fig. 1951 a half plan of bottom framing and half plan of interior of carriage. 

The principal dimensions of this carriage are as follows ;— 


ft. in. : ft. in. 
Length of bottom frame over head- Height of body outside, at centre .. 7, 0 
stocks ..00 6. wwe ee we: CO CS ‘ » inside, at sides .... 6G 1 
Width ae en, cate 719): i. a “5 at centre aa 6 84 
Length overall ..0 0... 00...) ee) (SE TI Width of each compartment -  « 6 If 
Width over sole bara .. 0... 00... 7 a4 Total height above Icvel of rails ot 412 7 
- » bottem stepboard ., 8 4 Diameter of wheels oo... www. 3. 6} 
- » top = ae 8 8 Distance between wheel centres . 10 0 
Distance between centres of buffers .. 5 §$ Total wheel base ..  .. .. 2 0 6...) 20 OO 
Height of centres of buffers above level Width of tires ee ee ee. ind 0 4 
of rails Stee! oe. ae, Ses ae Se aD Distance between centres of journals G %4 
- bottom stepboard above level Diameter of Journals ‘i 0 3} 
of rails oh ee ee, ee ot, ae 1 Length = di. tea 0 8 
a4 top stepbourd above level of Diameter of axle at centre... QO 4: 
VOU dds "66. eke el RE > 24 = . wheel seat... QO 5 
Length of body we “a. a GOR oC “ Pa back of wheel seat 9 5) 
Width ee i. tear. Bae, wi, Se 7 6 Distance between guards, centre wheels 7 Of 
Height » Outside, at sides ui G + 5 é ie end eh G 14 


The underframing is constructed of well-seasoned North American white onk, and consists of 
sole-bars A, 93 in. deep by 43 in. wide, placed 6 ft. 34 in. apart. an angle iron B, of BB Stafford- 
ehire iron, 44 in. by 33 in. by 4 in., being recessed into cach of them at the outer bottom angle. 


1950. 
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eee Phe headstocks C are 4 in. wide by 11 in. deep 
=. - ** é <s do : A . . I 
pl ~X% — areas of fe at the centre and 10 in. at the ends. Four ¢:oss 
y ‘a . “A 1 : . . > 
1 Me : We Y Ad. , Z ( | bearers D, 10 in. by 4 in.; four diagonals E, 
| ,** ner S oe fy is a | 10 in. by 24 in.; four end lonzitudinals F, 10 in. 
y"\ BEKeSa ; i; by 2) in. by 7 1t. 14 in.; and six intermediate 
oe Ba RS '% 4 it timbers G, 10 in. by 34 in. by 8 ft. 2 in, and 


four G’, 1d in. by 34 in. by 3 ft. All of these 
timbers are framed together with mortises, tenons, 


prints, and irenwork, the whole well fitted, and 
M<dded in white-lead, and bound together with 


)eod f - ae: wrought-iron corner Knees, und straps, fixed with 


apne 3 ¥-in. bolts, aud {-in. tie-rods, secured with nuts 
1. * re: | bearing on washer plates. Each picoce is marked 
7 a : x A it 
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. re , ~ TY: from a template, so as to be interchangeable with 

- R : IR : avy similar piece from another frame. 
i 3 vi The tires and axles are of best Bessemer steel ; 
| | t the body of the wheel being of dry, well-seasoned 


Moulmein teak. The boss and washers are of 
cold blast iron; and the sustaining rings of best 
Lowmoor iron, interchangeable, drilled, and turned to gauge and template. The tires ure 2} in. 
thick and 38 ft. 64 in. diameter on the tread; and they are foreed cold upon the wheels with a 
pressure of 200 tons, the wheela being foreed on the axles with a pressure of 40 tons and keyed. 

The tires are tested by taking one out of every fifty, and pressing it, when cold, Into an oval 
form, by hydraulic power, when it must be capable of bearing, without fracture, a compression of 2 in. 
for ouch foot of external diameter. The axles are capable of standing, without fracture, five blows 
from a 2000-1b. weight, falling from a height of 20 ft, the axle being placed on bearings 3 ft. 6 in, 
apart, and turned after cach blow. 

The axle boxes are of cast iron, in two parts. and are secured by 3-in. bolts, the brasses being 
i in. thick. These boxes are intended for lubricating with oil. 
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The axle guards are of BB Staffordshire iron, 3 in. thick ; the end guards being secured inside 
the soles at 20 ft. centres, and the centre guards stiffenod by angle iron 3 in. by 2 in. by 3 in., fixed 
outside by 8-in. bolts. ; : : 

The bearing springs at cach end consist each of ten plates 4 in. thick and 3$ in. wide ; the 
springs to the centre wheels consisting of nine $-in. plates and }-in. iron packing piece ; the eyes 
being forged solid on the top plate. The top plate of each spring, when straight, measures 7 ft. 
from centre to centre of eyes. The spring buckles are made of best Yorkshire iron, and are 33 in. 
wide by 4 in. thick, the bottom being 4 in. thick to clip the axle box. Tho centre spring buckle 
has a spherical beuring at bottom working in a recess on top of axle box ; a 3-in, rivet of the best 
cast spring steel. made from Swedish iron, passing through the centre. Each spring is tested with 
steam and a dead weight, until all the camber is taken out, after which it must, upon being released, 
resume its original form. 

The draw gear is made of Yorkshire best iron ; the draw bar being 13 in. in diameter at centre ; 
the side chains { in. in diameter; the screw coupling links lin. in diameter, with screw 1} in. In 
diameter, and five threads to the inch. 

The bufter springs are of indiarubber ; there being, in each spring, ten rubbers 43 in. by 24 in., 
and the discs separated by washers 43, in. thick. The buffer heads are of wrought iron, 12 in. in 
diameter and § in. thick at the edge. The buffer rods are turned 24 in. in diameter for a length of 
2 ft. 6 in. from the back of buffer head, the middle part 1} in. square, and the ends turned to a 
diameter of 14 in. to receive the buffer springs. . ; 

The body framing is of pitch pine; with the exception of the corner and standing pillars, 
uprizht battens of end framing, and elbow rails, which are of beat Dantzic oak; and the top light 
rails, which are of Moulmein teak. The outside panels and mouldings are of beat teak, the former 
being full 3 in. thick; these panels and mouldings being fixed with copper carriage pins. The 
inside casing is of }-in. pine boards, and the partitions of best Petersburg deals. The floorboards are 
of best Petersburg deals, in two layers, ]}in. thick when finisbed ; the boards being nid diagonally, 
and put together with 3-in. screws, No. 16. Al) joints have a coat of white-lead before being put 
together; and the bottom, sides, and pillars are bound together with wrought-iron knees. The 
body is cushioned with Spencer’s indiarubber springs. The windows and side lights are fitted 
with best polished plate glass %, in. thick; the side hyghtsa having indiarubber strips on both sides 
of the glass in heu of putty. 

Two continuons footsteps of pitch pine, 14 in. thick, are provided on cach aside of the carriage. 

The heop-sticks of the roof ure of best ash, cut to the camber of the roof; the arch rails pitch 
pine; reof boards of best Petersburg deals, 7 in. thick, tongued and grooved, and secured to heop- 
sticks with 12-in. screws, No. 16. The roof receives five coats of stout lead paint before being 
covered with rooting canvas, and then five coate of white-lead paint on the canvas; the latter being 
carefully brought over the edge of the roof and secured under the gutter. 

The internal fittings comprise curtains, hat cords, parece) netting, rails, and bracket, and 
carpets. The backs and cushions of seats are stuffed with horsehair: and padded arm rests are 
provided at each end under the windows. ‘I'wo compartments, reserved for smokers, are covered 
with black horsehair cloth, und the remaining three with green Utrecht velvet. Ventilators are 
placed over each door and each side light; these ventilators being eovered outside with a metal 
hood open at the bottem ; the inside consisting of two perforated panels, one fixed, the other eliding, 
60 as to be closed or opened at pleasure. The smoking compartinents have smoking tablets fixed on 
the outside of the quarter lights. Each compartment is fitted with an S-in. roof lamp. 

The carriage is fitted with the Westinghouse automatic brake. All holes in the brakework and 
blocks are drilled, ping turned, and wearing parts craaehardencd; the main pipes are of iron, best 
steam pipe quality, and the smaller pipes of best seft copper solid drawn, 4 in. outside dinmeter, 
No. 11 B.W.Gs., thick. The brake is tested, when completed, with an air pressure of 100 Tb. to the 
square inch: under which pressure it must show no leakaye, and must come on, or off, promptly. 

All ironwork is of best hammered scrap iron; and all belts aud nuts are of Whitworth's standard 
thread ; unless ctherwise specitied. 

The woodwork of the wheels has four coats of varnish; the boss and rings are painted black, 
and varnished ; and the axles and outer edges of the tires are painted white. The eprings, 
stepLoards, and axle boxes bave two coats of lead colour, and one coat of ok black : the ironwork 
on underframe receives two coats of lead colour, two coats of bronze preen, and lastly two coats of 
varnish. Care is taken that all dirf, rust, and scale is removed from the ironwork before painting. 

The interior is painted as follows:—The knota in deal are first knotted, then one coat of 
flesh colour all over, then well sand-papered and puttied, and afterwards two coats of ground 
colour ; the partitions and enda being cream colour, and the other portions vrained teak; the shole 
lastly reeciving two coats of gor tirat couting body varnish. The interior of the roof has two coats 
of oil white, and one cont of flat white. The floor is lead colour. The lap plates, corner plates, 
doorway plates, &c., are painted and grained teak. The inside of doors, and round the side lights 
are well Freneh polished ; and the woodwork undernrath the seats is painted lead colour, 

A composite carriage of the Great Weatern Railway, built at the company’s works at Swindon, 
from the designs of Joseph Armstrong, is rhown in Figs. 1952 to 1954. Fig. 1952 is u half side 
elevation and half longitudinal section, Fig. 1954 is a hulf end elevation and half cross nection, and 
Fig. 1953 is a half plan of framing and a half sectional plan of interior, This carriayve is carried on 
two four-wheeled bogies, arranged with side pivots, that is, a pivot P at the centre of each side 
frame of the bogie, thie arrangement being adopted in order to check the tendeney to oscillation 
which is often found to exist in bogies with a single centre pin. Two pairs of springs 8 are curried 
on each bogie, one pair on each side frame being fastened to the same pivot. Each pair of these 
springs are connected at their ends by one pin passing through the two opposite eyes, there pins 
carrying the suspended links L by which the carriage is supported, the weight being taken from 
the suspending links by the heavy wrought-iron hanger bors B, which pass down between the two 
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side plates of the bogie framing, and there receive the ends of the eye-bolts carrying tho suspending 
links ; theee hanger bars ure shown in the side elevation Fig. 1592, and in section in Fig. 1593, It 
will thus be seen, that the extent to which each bogie can rotate to accommodate the wheels on a 
curve, is dependent upon, and limited by, the range of oscillation admitted by the suspending links ; 
but this, although not grent, is sufficient to allow of the necessary motion of the bogie, while the 
carriage travels exceedingly steady, and with very little oscillation in any way. These carriages 
are supported on their bogies so near the ends of their frames that there is practically no overhang ; 
the only tendency to sagging being that most easily prevented, namely, between the supports. 
The horn stay. seen underneath the carriage frame inside the whoels, is intended to act as a satety- 
guard in case of breakage of the journal, or any part of the outside bogie frame. Sufficient play is 


allowed to the axles to permit of free play in all directions. 


The principal dimensions are ;— 3 
. gt, 
Length over buffers .. 06.6. we ee eee ee ee we le OO 
ne OL DGdy 2. ‘s.-wee ah ae os. oe BS. ee Se ee: es SO 
Widthof body 2. 46 Ge «e 66 «5 GSD He de eee we as TO] 
do AIMISID@. ae. 2s. we. 4S ee SS AG ee ee twee Ce 9 6 
Length of first-class compartments Wes lee, lame code ee ee. we. Oe 
a second-class - Pr ee ee ee oe Go 0 
Height above floor to underside of roof at sides 2.006. 6. we ee TT 
raised central part of roof... 86 


1 sf ae 
Framing :—Sole bars, wrought-iron angle plates, 9 in, by 3h in. by { tn; 
headstock, oak, 12 in. by 42 in.; angle iron at back of headstock, Yin, by 

Ri in. by 2 in.; angle iron stiffeners, 8 in. by 34 in. by 4 in. 

Bovie :-—Wrought-iron plates, 8 in. by 9 in.: angle irons, 2! in. by 2) in. ; 
distance between centres of bovie frames, 30 ft.; distance between centres 
of wheels of each bogie, 8 ft. 3in.; total wheel buse, 38 ft. 3 in. 

Wheels :-—Diamceter, 3 ft. 6 in., wood centres, Mansell’s tire fastenings ; tirea, 
5 in wide: axles wrought iron, with case-hardened journals; centres of 
journals, § ft. 10 in.; journals, 4 in. diameter, 10 in. long. 

Springs -—EHight liminated bearing springs, 6 ft. centres, each spring 
composed of ten plates 4 in. wide, namely, nine plates 3 in. thick, and one 
plate § in. thick; two laminated steel buffing and drawing springs 6 ft. 
long, each spring composed of ninctecn plates 3 in. wide, namely, eighteen 
plates 2 in. thick, and one plate 4 in. thick. 

Total weight, 18 tons 10 ewt. empty; or a dead weight of T:'1 ewt. a 


passenger. e 


The carriage is divided into four first-class compartments A, seating cight passenvers ench, 
two second-class compsrtments C, ene at each end, seating ten passengers eachp amd a central 
luggage compartment D: cach passenger eompartment being lighted by two lanips of an improved 
pattern, Accommodation is thus provided fur fifty - 
two passengers; but for short journess four more 
second-class passenyers may be carried, making a 
total of fiftvesix, The first-class compartments have 
walnut pantlling with gilt montdings. and xre 
trimmed with blue cloth: they have also spring 
blinds of a new construction, which are considered 
less likely to get out of order than tie deserig-tion 
formerly in use. Phe second-class compartne nis 
have mahogany fittings, and are trimmed in blue 
rep. Tn addition to the usual ventilaters in the 
doors, louvre ventilstors of a special form ure place 
in the raised portion of the roof, thus kecping the 


carriages thoroughly well ventilated without draughts. cow as en ane 
These carriages were specially designed tor the see 2 area eae 
aA - 


broud-gauge express trains from Paddington to the — 
Weat of England, and are constructed so as ta be | . idee Caroma at 
easily converted to the barrow gauge if this should 
be required, They have given every satisfaction for 
comfort, stability, and stendiness in trayediig. 
Fairlie’s improvements in the construction of aix- 
wheeled bogie carmages are indicated in Figs. 1055 
and 1956; Fig. 1955 in a side elevation of a carnage 
built on this principle, and Fig. 1956 a plan of the 
three bogie trucks. The object of this arrangement is 
to enable the wheels, and the bogie frames or trucks 
which carry them, to adapt themselves in a better 
manner to curves of the line, without imparting their 
sWivelling movement to the body of the carriage. F r swivelling 
trucks A A’ B ure employed to each carriage, each truck being provided with a single pair 
of wheels; and these trucks are connected together by suitable sian couplings of braces 
C, and support a rigid frame or carrier F, upon which the buly & of the carriage is mounted 
Each of these trucks las a bogie centre E to receive a pin > on the rigid frame, the pins 
being preferably of large diameter; but the middle track } » instead of having a ample centre 
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to turn or swivel on the pin, is formed with a transverse slide or groove K, Fig. 1957, which 
is frea to travel along the pin, in accordance with any sidclong movement imparted to the truck , 
by the construction of the line, the truck being also free to turn on the same pin. The pin P, 
ig. 1958, is rounded as shown to allow cither of tho wheels of the middle truck to rise or fall on 
going round sharp curves ; and as the part L of the frame F docs not quite touch the bogie truck, 
a little freedom is allowed for this rise or fall; indiarubber pads or cushions faced with metal 









1955, 
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being placed between the frame F and the side frame of the bogie truck at N. Each of the out- 
side trucks A A’ is formed at each end with a curved slot M. struck from the bogie centre, and the 
rigid fram@gF is provided with pins to take into these curved slots, so that while each of the trucks 
is free to awivel indcepegdently without affecting the movement of the rigid frame, the swivelling 
movement is properly controlled. 





A third-clasa carriage of the Southern Railway of France, constructed at the Company’s works 
at La Villette, from the designs of Regray, ix shown in Figs. 1059 to 1961; Fig. 1959 is a half 
longitudinal section and half side clevation ; Fig. 1960 a cross section, and Fig. 1961 a plan of 
interior of carriage. The framo of this carriage is wholly of iron; the soles are of I section, 
8-66 in. by 3°98 in. by 0°39 in.; headstocks of channel section, 8°66 in. by 2-75 in. by 0°39 in. ; 


195%. 





1958, 


three intermediate transverse hearera, aleo of channel section, 4°5 in. by 1°96 in. by 0°47 in. ; and 
four diagonals of 3°14 in. by 1°96 in, by 0°31 in. angle iron, these latter passing over the tops of 
the transverse bearers, the whole framing being well counected by corner brackets and gusset 

ates, Tho axlo guarda are 1 in. thick, and are bolted to the frames. The bottom, sides, end, and 
intermodiate bare, and cant-rails are of onk, the door and corner pillars and raile are of ash, and 
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the lining of pine. The panels are of shect iron, ‘06 in. thick, and extend the whole height of 
the body, the joint covers being also of iron. The roof is covored with sheet zine, laid with folded 
joiuts, and secured by iron cover strips, which are screwed to the roof-sticks. The floor of the 
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body is double, as shown in the sections. The axle 
boxes are made for oil lubrication, a pad contained 
in the lower part of each box being pressed up against 
the axle by a spring, and the back of the box being 
closed’ by a collar of Jeather or felt, made in two 
parts with crossed joints; the box is made in two 
parts, which are held together by a couple of bolts, 
the joint being made by the interposition of a leather 
ring. The guides are on the upper part only, and 
they are made so as to give each axle box a play 
in the horn plates of +12 in. in each direction trans- 
versely, an] *1G6 in. inSa direction perpendicular to 
the axle. The draw-bar is continuous, the eentre 
portion of ita lenzth being made up of a couple of 
links, one of which passes over and the other under 
the draw and buffer springs. The buffer sprmgs are 
independent of the draw-springs, but when in place 
they are connected so as to have a compression corre- 
sponding to a load of I°6 tons, while the scraw 
coupling is proportioned, so that when the carriages 
are coupled up in @ train there may be a normal 
strain on these springs of about 2°2 tons, this sufheiny 
tou ensure steadiness. The buffer springs are fixed 
at the centre of the carriage, ao that they may abnt 
directly on each other without putting a strain on 
the framing. The buffer reds are guided at their 
outer ends, and ure connected to the top plates of the buffer springs by links, The principal 
dimensions of this carriage are ;— 





fm. in. ft tn. 
Frame :— Width ontaide at bottom . 8 7:1 
Total length over buffers ..  .. 23 ¢ » imide at waist raila  .. B RS 
» Width over footsteps... .. 10 2 Height outside at sides 6 #4°8 
Length over headstocks .. .. 22 11-6 cs centre .. 6 10'7 
» of headstorks .. re &§ 8°3 » inside ateide)n 2... 6 3:2 
Height of top of soles above + » centro ..  .. 6 GI 
rails a>. ea? ine’ tee eee a o OF Teatal height of outside of roof 
Height of centres of buffers above above level of raile.. ..  .. 10 8°74 
Tails 6.00 6. oe ee we ie 3.°4°9 Width of doora ..00..00.. 0 4.) OD ORDG 
Distance apart of centres of Height Pa eC ae 5 9 
buffers fee. Gh. “uhh boa oe to: Se Length of each compartment 
ares aero eer Sa: Bus ‘ saya partitions... 6... 4 7'9 
(s ks k Lovet (h tees... as * ‘ ? ween ™ ts sn oe oe * 
Length outside at top... .. .. 24 94: Nei . is 
4 re bottom .. .. 23 8°5 | Diunmeter at contre... . 
inside nt waint rails .. 23 86 » efbearings |... 0 3-4 
Width outside at top... 6. 1. 69 8 Tangth of bearings... ¥ 0 7:08 
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ft. in. 
Distance between centres of Width of tire oo ee oe el CCH 
bonringa ..  .. .. ««. «« 6 4°4 Normal thickness of tires .. .. O 2°36 
Total length ofaxlo ..  .. .«. 7 O'9 Hicight of flange .. .. .. .« O 1 
Weight of each axle .. .. .. 440 Ib. Distance between inner sides of 
Wheels -— a a a a ee are 4 5°58 
Wheel base ..  ..  «. we we SCA 9D Weight of a wheel without tires 418 lb. 
Diameter over tread .. ww we OB O4D Weight of a pair of wheels with 
‘ of boss... «2. «.. « 0 10°04 tiresand axles... ..  .. .. 2189 ,, 
Length of boss... .. «sw COO O79 Weight of an axle box Se, 9% 99 ,, 
rorings ;— Bearing. Draw. . Buffer. 
Width of plates ..00 6.00 6.0 ue ue ee 2°95 in. 2-95 in. 2°95 in. 
Thickness of plates .. 0 6. 6e cece 0°39 in. 0°39 in. 0°39 in. 
Number * bi * Was = Gar, bey. Gel. ae 10 5 16 
Length of top plate between bearing points .. 4 ft. 7-Lin. 3 ft. 3-4 in, 5 ft. 8°9 in. 
Span unloaded ..0 1.00 5. wee eee 4 ft. 5°3 in. 3 ft. 2°2 in. 5 ft..4°2 in, 
Camber ae ee ee, a ee ee 6 in. 3°9 in. 13 in, 
Deflection a ton of lund...) ww ww wee 2°39 in. 1‘1 in. 3:3 in. 
Weights ce see “ee. coer - wd hae ~ Sak, Son 114°4 lb. 48°4 Ib. 25°6 lb. 
Weight of the carriage without heating apparatus... .... 8} tons 
heating apparatus... 6.00 1. ou wee 980 Ib. 


e | 
Dead weight a passenger .. 6.00 6. ee eee ee wees BT owt. 


Tho bady of this carriage is divided into five compartments carrying ten passengers each. The 
central compartment is separated from the others by partitions extending the full height of the 
body, and is reserved for ladies only; the other compartments being divided by half partitions 
only. The space available for each passenger in 2 ft. 4 in. long by 1 ft. 9 in. wide. ‘Lhe seats, 
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Fiz. 1959, are of a very comfortable shape; the backs being provided with division pieces, which 
fix the position of the centre passenger on cach seat, an arrangement which prevents attempts 
to cecupy the seats by four passengers only. Wooden shelves are fixed in the position occupied by 
the nettings in carriages of a superior class, and those serve to accommodate snail packages, The 
total interior area of the carriage at the level of the bottoms of the windows is 205°8 a ft., while 
the cubic capacity por passenger is 25-9 cub. ft. Tho weight of the carriago without the heating 
Apparatus ia equal to 874 Ib. a passenger, or with the heating apparatus 414 1b. a passenger. 

A. two-storied carriage, constructed at the Railway Carriage and Waggon Works, Fribourg, for 
the Vale of ‘Toess line, in the canton of Zurich, Switzerland ; Fige. 1962 to 1905. Fig. 1962 
is a sido clovation ; Fig. 164 an end elevation ; Fig. 1963 a longitudinal section ; and Fig. 1965 
& crogs section, half through the second-class, and half through the third-class compartments 
on each floor. Carriages of this type are also employed on the Eastern Railway of Franco; 
and on tho Mountain Railway over the Brinig. ‘The nnderframe of this carriage is formed 
entirely of wrought iron, and is kept very low, being carved upwards at the cnds, so aa to arrive 
at the normal height of buffera. The side frames are composed of two channel irons, the upper 
one A, 5°Din, by B15 in. and the lower one B, 3°94 mr | 2°30 in.; thesc two channel irons 
being firmly oonnested by the horn plates, and by a central support to which ae are iva 
Tho upper channel iron ofeach sido frame is straight for its entire length, and at the ie 8 it 18 
met by the lower one, whioh rises upwards ; the two channel irons being connected here by strong 
ond alata ©, of the shape Fig. 1963, The tranaverse connections between the side clean a niekey 
of the buffer beams VD, which aro likewise mado of channel irons, and of nine Spe eee 
Fig. 1064 ; the frame being further stiffened by diagonal bracings. The wheels ret of w ence : 
iron, made accanling to Brunon's syatom, and the axles, tires, and springs are 0 SSE UPE: BtOC!: 
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Fach carriage is provided with an efficient screw brake, oe can be manipulated from one of the 
end platforms. The principal dimensions of this carriage are ; 


Rk. in. ft. in. 
Total length of body .. 2. 0... 0 «. «621 Th Width inside «2 ww ww we et Ci 
a » of roof... . .« SO 03 »  Ofdoor ..  .. .. « « 110 
» between boffers .. .. 32 10; Height  ,, 5 10} 
Width between centres of buffers. 9 9 Length of first-class compartment .. - S$ 6) 
Height from level of rails to centre of e second-class Pr ~ 5 8) 
buffers... ae te, Sa es - SE <i third-classe % « Wah 
Total outside width .. « 10 23 Upper story —~ 
» height above level of rails .. 15 6} Height of floor above level of rails 8 9 
Length of end platforms and balconies, » from floor t underside of roof 
each... a ee ae ee ee De at centre. G 8} 
Length of steps a ee, ee ee ee a | Height from floor to underside of roof 
Rise of steps .. 6. 0 6. wk we we CB atesides .. 6. 6. we oe eS C4 0 
Diameter of wheels __.. oe we (2 “49 Width outside .. 0 1. we we we BO 
Distance between wheel centres si Tb Og » inside... 8 
Lower story »— * » of raised Portion of roof 4 2 
Height of floor above levelof raila.. 2 31 » oOfdoor .. aa ee 1 8 
» from floor to underside of roof Height . 5 10% 
atcentre.. .. «2 6. ee ee) CG DY Length of second-class compartment 5 6 
Width outside .. 0... 6. eee 9 §} - third-class Pe 15 sf 


This carriage is divided into a first-clasa compartment F on the lower story, two second-class 
compartments G, and two third-class H, one on each story; and provides seating accommodation, 
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ducluding two seats on the upper balconies I, for sixty-six passengers. The seats in tho first and 
second-class compartments are upholstered in Utrecht velvet, those of the third-class being formed 
of polished wood railings, fastened to light angle-iron frames, which are shaped according to the 
form of the body. Sliding ventilators are provided above each of the windows in the lower story, 
and in the sides of the Pained portion of the roof of the upper story. The warming is effected by a 


1964. > 1965. 
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amall transportable heating stove, which is placed in the lower story, after removing some of the 
seats ; and from thie stove the chimncy leads off to the upper story, where it passes along the 
roof. The weight of this carriage, when empty, is 10 tons, equal to a dcad weight of 3 cwt. a 
passenger. 

Salvon and Sleeping Carriages.— Figs. 1966 to 1969; Fig. 1966 is a side clevation, Fig. 1967 a 
longitudinal section, Fig. 1968 a cross section, and Fig. 1969 a plan of a saloon carriage of the 
Hungarian State Railways. The underframe of this carriage is of the composite type, the soles 
being of iron and the reat of the frame of timber. The body, which has a very slight fall under at 
the sides, projects considerably beyond the soles, and is supported by wrought-iron brackets, as 
shown in the cross section, Fig. 1968, these brackets having indiarubber pads on their tops; the 
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body, howevor, rests alao on the wooden underframe. The body is 24 ft. 10% in. long, by 9 ft. 
wide outsido, and 7 ft. 72? in. high. Tho wheel base is 12 ft, and all the wheels are fitted with 
brake blocks on each side. This carriage is warmed by Tbhamm and Rothmiller’s apparatus, and 
ie lighted by four roof lampa R; a ventilator V being also fixed in the centre of the roof of the 
saloon, 

This carriage is divided into an open-sided gallory G, a saloon 8, a small lobby L, a lavatory 
and water-closet C, and a small gallery or end platform P, from which the brake can be worked. 

The chief gallery or covered platform G, ia 8 ft. 63 in. long. and is protected by dwarf sides, 
access to it being given by side doors D, opening inwards; communication with the next carriage 
is also obtained by means of the folding cnd-doors D’, the space between the carriages being 
epeniee by a flap F, in the usual way, and the folding doors, which open outwards, forming the 
sid 


© hand-rails. The roof over the gallery G is carricd by four cast-iron columns, ~ a en are 
8 
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provided to afford shelter from the sun and wind. Around the sides and end of this A gril are 
arranged seats E, of thin sheet iron pierced so as to imitate canework, whilo at the end a foldin 

table is provided. The roof of the gallery is lined with American maple, with a border of rosewood. 
From the gallery G access is obtained by a central door to the saloon 8S, which is 13 ft. in 


1967. 
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length. The seats I in this saloon are disposed as shown 
in the plan, Fig. 1969; the back cushions of thcse seats, 
I’, Figs. 1967 und 1968, leing formed by mattresses 
folded up, and these mattresses when unfolded and laid 
down, convert the seats into very comfortable beds; 
while beneath the seats are commodious drawers A, in 
which bed linen, can be stowed. The roof of the saloon 
is lined in a similar way to that of the open gallery, 
the lining of the sides being of mahogany, inlaid with 
inaple and rosewood. The seats are upholstered with 
silk rep of a warm drab tint, and the curtains are of 
qros de Naples of & similar colour. A door gives access 
from the saloon to a small lobby L, from which two 
other doors open, one to the lavatory C, and the other 
to the small end platform P. Thee lavatory C is 
furnished with a washstand and the asual fittings, 
while from beneath the washstand a water-clos:t draws 
out; water being obtained from a tank which can be 
supplied from the roof. The small end platform P is 
protected by dwarf sides, and i» provided, like the end 
gallery G, with side doors D opening inwards and with 
folding doors D' at the end for giving access to the next 
carriage. In emnection with the side doors of both the galleries G and P folding footatepe are 
provided, as shown in the cross section, Fig, 1968.. 

In Figs. 1970 to 1972 is shown a hunting carriage, or Jagdwajen, constructed for the uso of the 
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Emperor of Austria, at the works of the Southern Railw f Aust fi i 
J.and J.G. Hardy Fig. 1970 is a longitudinal section; Fie. 16 ria, from the designs of 
end clevation ; ee! Fig. 1972 0 plan. Situdinal section; Fig. 1072 a half cross section half 
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The principal dimensions of this carriage are ;— 


ft. in. ft. in. 

Length of body overall .. .. .. 28 10} Wheel base .. 6 oe we we we I OG 
‘ se exclusive of end gal- Height above level of rails to centre of 
leries .. 0 6. ce wee BOTY buffers... .. «ec «6 «8 «8 «8 
Total length over buffers... .. .. 82 5 Height above level of rails of floor of 

Width of body outside.. .. « «| 9 3 end galleries .. .. « « ««» 810 
‘5 » inside .. .2 « -- 8 10 Height above level of rails of floor of 

» oOfend galleries... .. .. « 6 I saloon, &e... ..  «. «eee Cee SC DY 
Total outside width over lamps... .. 10 9 Height above level of rails to centre of 

Height of body inside at Des « « FT 4 roof, outside .. .. .« «se « 1 62 

re as » sides .. .. 610 


The underframe is of iron and wood in combination; the soles being of iron of channel] section, 
placed with the flanges outwards, as shown in the cross section, Fig. 1972, and the rest of the frame 
of timber. The carriage is fitted with a brake applied to both pairs of wheels, this brake being 
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worked from one of the end galleries G'. The brake blocks are 
of cast iron, and are bung from their centres, while they are 
kept steady when out of contact with the wheels, by means of 
eprings 8 attached to them in the manner shown. The floor 
is double, and rests directly on the underframes, the body 
being thus principally curried by the floor and the floor framn- 
ing. The body is made with vertical sides; the framing being 
of timber, with the exception of the intermediate side pillars in 
the end compartunent, or verandah, which are of iron; and the 
panels also are of iron. Access ia gained to the carriage by 
end doors opening on to the end galleries GG’, these gailcries 
being made narrower than the width of the carriage, so as to 
enable stepa to be provided on cach side without extending 
beyond the width of the body. The roof extends over the 
end gallories, being supported by light iron columns, which 
aluo form pillars for the handrails by which the gulleries are 
protected. 

The general arrangement of the interior of this carringe is 
as follows ;—There is first an open gallery G, then a compart- 
ment T, forming a kind of closed verandah, as it is called, 5 ft. 
1 in. long. The intermediate side pillars of thia compartment are of iron; the sash frames at both 
the nidoa and end being of brasa, sv as to render it ed to make them of very small dimensions, 
and thus give a large aroa of zlass with a very small obstruction to the view; and this verandah (hus 
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forms a most pleasant compartment for observing the beautiful scenery traversed by the railway to 
which the carriage belongs. This compartment is furnished with a couple of lounging chairs and 
stools, and is decorated with tapestry work of appropriate design. The woodwork in this compart- 
ment is of old oak, specially selected for its toughness and fine grain. The next compartment A, 
Figa. 1970, 1971, is only 4 ft. 74 in. long inside, and is devoted to the adjutant or other officer in 
attendance. The fittings consist of a couch or seat, convertible into a bed, on one side, and 
on the other a washstand, beneath which is arranged a small stove. The woodwork in this 
compartment is of oak, and the trimming is of green and black striped silk. From the adjutant’s 
compartment A, a door swinging either way gives free access to the main saloon 8, devoted to the 
emperor. This saloon is 9 ft. 4} in. long, and its width 8 ft. 10% in., so that it is really, for a 
railway carriage, a spacious apartment. The decorations of this saloon are in excellent taste, the 
mouldings being of walnut and ebony, with handsome carvings, while the ceiling is of elaborate 

uetry work. The furniture consists of an ordinary armchair, an armchair with a sliding foot- 
stool, a couch, a table, and a stove, this stove being capped with green marble, and surmounted by 
a timepiece, as in the cross section, Fig. 1971. Beyond the saloon 8, a short passage F com- 
municates with the end gallery G’, sliding doors on cach side of this passago respectively giving 
access to a lavatory and water-clovet L, and a small compartment V, intended for the accommoda- 
tion of the emperor's servant or valet; this latter compartment also contains a gun rack and an ico 
safe. From the end gallery G’ the brake is worked. Externally the carriage is painted dark green, 
relieved by the imperial arms and monograms, in a lighter tint, and picked out with fine gold 
lines. 

The stoves employed in this carriage are Hardy’s briquette stoves, which arc constructed to burn 
a specially prepared artificial fuel; and these stoves have been found to give excellent results in 
practice. - 

The fuel which is burnt in these stoves consists of briquettes formed of 80 per cent. of pul verizod 
charcoal, and 1-5 per cent. of nitre, held together by a composition composed mainly of lime. Tho 
dimensions of these briquettes are 33 in. by 23 in. and 6 in. high. Each pair of briquettes forming 
one of the six units, of which each stuve is usually composed, is contained within a amall pi ele 
removable casing, consisting of a pair of plate boxes reaching up to one-half the height of each 
briquette, and perforated on all sides with circular holes; each of these casings being held on a 
separate ahelf fixed in the main internal casing of the stove. These briquettes burn very slowly 
from top to bottom without flame, like a cigar; each briquette lasting for ten hours with the train 
running at full speed. To regulate the temperature, a greater or less namber of briquettes are 
employed ; and when the external air is at freezing point, a temperature of about 65° Fabr. can bo 
obtained in the carriage by the use of the whole number of twelve. 


Wea ane ONG es . eee...) SY 6 IS - SOs we me: 
- “ & a { te ‘ 
' ys) 





-— we 


Io Figs. 1973 to 1977 is illustrated a sleeping carriage of tho London and North British 
Railway, constructed by the Ashbury Railway Ca e and irea Company, Manchester, which was 
the first of its kind built and ‘worked in England; having been introduced on the above Hne in 
1873, in connection with the through trains between London and Edinburgh. Fig. 1073 is a side 
elevation showing the position of the seats in dotted lines, and Fig. 1974 ina plan wing arrango- 
ment of berth; Figs. 1975 to 1977 show the construction and arrangement of the scats and beds to 
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ai€atarged scale, Fig. 1975 being a side elevation of seat, Fig. 1976 a side elevation of bed, and 
Fig. 1977 showing a front elevation of the seats at G, and a front elevation of a bed at H. The 


whole of the framing and the external panelling of this carriage is of selected Moulmein teak, the 
1975. 


soles being strengthened by exterior 
plates of §-in. iron; these plates run 
the entire length and depth of the 
soles, and all the bolts which secure 
the axle guards and the other iron- 
work necessary for the construction of 
the underframe pass through and are 
scoured to them. The carriage is 
mounted on three pairs of Mansell’s 
wood-centre wheels 4 ft. in diameter, 
with wrought-iron bosses and steel 
aby peng oe Haine is aitehgrie: fe 
underframe bo ng throu 
indiarubber Uity east ions faead 
between the underframe and the 
double bottom of the curriage body. 
The roof is covered with canvas, 
bedded in white-lead, and painted, 
and the whole of the exterior of the 
body and underframe is highly var- 
nished, The dimensions of the body 
of this carriage sre;—Length 30 ft.; 
breadth 7 ft.6 in.; the height from the 
floor to the underside of the centre 
4 a roof being 6 ft. 10 in., and the total height above the surface of the rails about 
12 ft. 

At one cnd of the carriage is a second-class compartment A, 5 ft. 10 in. long, and at the othcr a 
luggage compartment B, 4 ft. long, 
the central portion being arranged 
as two first-class saloon compart- 
ments C, each 8 ft. L in. in length, ee 
divided by a lobby D, 4 ft. in JSS 
length, one side of this lobby being ; 
fitted up as a lavatory E, and the ee, 
other ag a water-closet F, both of 
which are supplied with water from 
an tank T, carried in the roof; while 
in the poof is also fixed a filter, from 
which water ia supplied to the 
lavatory) fer drinking purposes. 
The lavatory is furnished with a 
mirror, a lamp, a marble washing 
bowl, towels, and other toilet requisites; the water-closet also heing fitted with a lamp and other 
convenieuces. The windows of both these compartments are provided with sliding louvre blinds, 
and the glass is ornamentally obscured. Each of the two first-class compartments C provides 
sleeping accommodation for three ys. reons, 
the doura leading into lobby D being pro- 
vided with locks to prevent through coim- 
munication when desired, These compart- 
ments are clegantly furnished, the sides 
and roof being panelled with polished 
silver walnut wood, act with ebony and gold 
mountings; the whole of the furniture and 
mountings, both outside and inside are silver 
ated, and the floors arc covered with the 

‘et pile carpet laid on kamptulicon; the 
seats and backs are trimmed with crimson 
Utrecht velvet on a basisof spring mattress 
With sofa springs, and stuffed with horse- 
hair, The conversion of the day carriage 
into a sleeping compartment ia a very 
simple matter: the tlrcee seats and their 
backa: in each compartinent are so arrupged 
that on folding the seat up and pulling the 
back forward, Fig. 1976, which is very 
enaily done, the Intter falls down and forms 
A very confortable bed 6 ft. 3 in. long, and ar : P . 
furnished with @ pillow. When no longer required for use as a bed, it is readily lifted into its 
original position, Fig. 1975, and the compartment resumes its ordinary appearance. Each compart- 
__ .. La provided with a 10-in. roof lamp, which 18 fitted with a hinged hood to obscure the lights 
during the hours of aleep. Ventilation ia obtained by means of movable louvres and slides, placed 
both at the bottom and top of the carriage. The woodwork of the second-class compartment A is 





1976. 





197. 
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painted and ned oak, the upper portions, above the back-rests, being highly varnished. Pio 
seats and back-rests are covered with rep, and stuffed with horsehair, the general arrangement being 
in keeping with the company’s second-class stock. 

A plan of a sleeping carriage, Fig. 1978, designed by W. D. Mann, for uae on English rail- 
WAYS, possesses many advantages over the Pullman type of sloeping car, especially as regards 
privacy. This carriage is 40 ft. in length, 9 ft. in outside width, and weighs about 13 tons, 


1978. 
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and provides accommodation for twenty-two first-class passengers, besides a central compart- 
ment for luggage, warming apparatus, and attendant porter. It is divided into six compart- 
ments, A, B, C, D, E, F, with cohnecting corridors G, in which are placed the lavatories I, and 
water-closets W. The compartment A is 8 ft. in length, and is arranged as a family boudoir to 
accommodate six people, in two single and two double berths, with separute water-closet and 
lavatory. The compartments B and C are arranged to be tuken either together or separately ; in 
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the latter Peasy the compartment B resembles A, and © ia a amatler chamber, containing o. 0... 
vate for aap abate at these two compartments having one water-closet and Javatery in epmon. 
f Kt ice ment B 18 8 ft., and C 4 it. 6 in. in length. I) is the baggage compartment and place 
pa a rmeabligars it is 7 ft. long, and contains the henting apparntas H, a coal bunk I with 
aan ae Sal a a sleeping berth at YY for the attendant porter, thia berth being placed 5 ft. 
ie ove the floor, The compartment FE, whiclfis 7 ft. in length, is specially adapted for gentle. 
nen travelling alone; it has accommodation for nix passengers, the sents being lowered at night *- 
Within a short distance of the fluor, so as to give greater space for the two upper ticrs of 
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Fastly, there is a small boudoir F, 5 ft. long, for two passengers, with upper and lower single 
berths; there is one water-closet common. to these two compartments. Through communication is 
provided for the attendant to each compartment by the corridors G, which are 2 ft. 6 in. wide, 
while means are adopted to make cach perfectly distinct from the other, the communicating doors 
being opened only by a pass-key in the possession of the attendant. This carriage is thus sot 
to moet the varicd requirements of persons travelling alone, or in large or small parties; while, 


1982, 





from the ample accommodation it affurds, as compared to weight of vehiele, it leaves little to be desired 
in this respect. ‘The floors, sides, and roofs are double, the spaces between the sides and floor 
being packed with sawdust or other snitable material to dcaden sound, and to keep the carriage cool 
in summer and warts in winter, while the double covering of the roof serves the same end. With 
regard tu the means of ventilation, doulde windows are provided, the outer ones of which can be 
removed in the suumer, when frames filled with fine wire gauze, which admits air while it 
excludes duat, take their place, Ample ventilation is also secured by the raised central part of the 
rocaf, which vecupies about one-third of the width, and is elevated about 16 or 18 in. above the rvof 
iteclf; the sides of this raised portion being fitted with awinging windows protected with gauze, so 
that when they are opened u thorough current of air is always maintained. ; 

A alveping carriage of the Eust Ludian Railway. Figs. 1979 to 1984, which is employed on 
the through service between Caleutta, Bombay, aud Lahore, in the coustruction possesses several 
nevel features; Big. N79 is partly a side clevation and partly a longitudinal section, Fig. 19$1 
is a crows section, and Fig. 10800 plan of the interior arrangements. This carriage was built, 
and all the filtings made, at the Calcutta terminus of the East Indian, Railway, under the 
direction of R. W. Pearce ; its weight, including 7 ewt. uf water in tanks, is 9 tons. 

The principal dimensions are ;— 


ft. in. ' fm. in. 
Length of body outside 2.06. 6. 250 2 Height from floor to underside of 
” * inside ae ee ae. BUF, upper bed... ..00.. 0 6k ae oe DB 
» Of onler roof oo ee ee 6 SER Air space between inner and oute 
» Of cach sleeping compartment = 8 10) _ eit Sa) wht. <i Bay! tee ee ees OS Eg 
Width of body, outsido 6. ww we OO Distanee between wheel centres... lf 0 
” " inside oe ee ee BO Dtttneter of wheels 2.006. 6. 8 OB 
Height from floor to underside of | ‘Total outside width 2.000.006. 06. 10 6 
inner roof at centre ne ae 710 » height above level of rails... 13) 6 


Dimensigns of ftame timbers, 12 in, by tin. 


Tho whole of the timber used in the conatruction of this carriage is Moulmein teak, The out- 
side lower pancls are of iron jt in. thick, this being the only material really found to stand the 
climate. These pancla are putoen in rebates from the outside and well acrewed all round to the 
fraraing, a balf-round moulding covering the screw heads; this mode of securing being very neat, 
and adding greatly to the strength of the framing, When using wood on the East Indian Railway, 
wide panols were found to buckle in the mina, and shrink out ef the grooves in hot weather, and 
to split up if accured by seréwa; by using very narrow panels, these defects were of course 
lemencd to some extent, but never entirely removed. In adopting iron if was at first thought that 
this material would conduct or radiate heat to a greater extent than timber, but after a series of 
experimenta this was found not to be the cage, while by properly securing, in the manner above 
deecribed, and not having the aheota too large, the iron has ae found to run with just as little 
noise as wood. The glass frames of doors and windows are all balauced, and to counteract any 
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tendency to rise or fall with the motion of the train, they are each fitted with two adjusting screws 
with milled heads; the passengers can, therefore, secure the frame permanently at any desired 
height. To keep out glare and heat as much as possible, coloured plate glass, Nu. 9 B.W.G. in 
thickness, has been adopted iu lieu of plain plate, the colour chosen being a bluish n, this 
having been found from the average of a serics of 40 registrations to bo the best; the colours 
experimented with, and the average temperatures for the 40 rogistrations, boing ;—Bluish 

reen 106° F., vivlet 111°, red 112°, yellow 114°, and white 118°. Tho water tanks T pluced 

tween the inner and outer roofs RR’, contain 40 gallons cach, or 80 gallons in all, and are 


1983. 





connected by suitable piping to the wash-basing W and commodes C. The outer roof TN’ is on 
the most improved plan, affording the best protection from the direct rays of the sun, and is con- 
nected with the side sunshades and extended down to a height of 1 ft. 7 in. from the window rails, 
thus becoming one huge saddle-buck enveloping the roof and sides of carriage, with a clear air 
space of 7 in. between the two. The end openings of the sunshade (QQ are filled in with wire gauze, 
114 meshes to the square inch, as a protection from spurks, coal, ur dust, from the engine. The 
space between the sunshade Q and side of carriage P is further rendered a comphée air tunnel by 
the following means; pieces of painted canvas, or leather, are stretched over the side door openings 
D, and are secured to a bracket on the shutting pillar on the one side, and to the sunshade on the 
other or hinge side of the door, the canvas thus folding up and allowing the door to open and shut 
freely. The outside painting is white, with u bluish tint picked out brown. The sunshades are 
green, and the inside varnished teak; the reof neutral tint, the floor drab, and the cushions green 
morecco, 

The carriage is divided into two contpartments, with s-parnate rmtiring room to each; these 
retiring rooms being at cach end of the carriage and partly over the buffers, thus utilizing thuse 
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portions of the carriage which ore subject to the greatest amount of lateral oscillation, and reacrv ing 
for passengers the central part, which is least liable to motion. These compartments enn be 
rendered quite separate: by closing the sliding door in the centre, which can be fastened on oither 
aide, or when desired the whole can be thrown open as one grand salam. This carriage accom 
scactcs only cight sleeping passengera, four to cach compartment, and this is found to be as inany 
as can conveniently travel together fn the hot climate of India. The sents 8 are Jonyitudinal, and 
are arranged to slide on rollers and legs with castors, to cnable the passengers to ride with their fscren 
backs, or sides to the engine, as may be wished, or to form n convenient ongitudinal couch as at 13. 
The upper slecping berths B’ were designed by Richard Pearce, assistant carriage suporintendent 
of the East Indian Railway, and are shown to an cularged scale in Fige. 1062 to 1Us4; Fig. 
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being an end elovation, Fig. 1983 a side clevation, and Fig. 1984 a part plan of bed and part plan 
of framing, one end of the latter being in section in order to show the method of joining. the frame 
F is made of 1}-in. gas-piping, and folds up knapsack fashion, and entirely out of the way when 
hot required for sleeping or night use, as shown by the dotted lines in Fig. 1982, in which pvsition 
it is secured by the strap V. The gas-piping forms an exceedingly neat frame, about half the 
weight of ordinary wood ones, and possessing great strength. The Fame is jointed into two halves 
longitudinally by knuckle or rule joints J; the cushion is in halves also, and is supported on 
canvas stretched tight across the iron frame, thus forming a perfectly easy and elastic bed, some- 
‘ what resembling a ship’s,hammock. The bed, when lowered into position, rests on a brass stop 
plate N, and is supported by tho chains M, these latter being covered with leather. To prevent 
is lever L, or side of bed, from turning over the wrong way, a catch K is provided in the said 
ver. 
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A saloon and sleeping carriage of the Kaiserin Elizabcth Railway, constructed at the Bubua 
Wagon Works, Prague, and which is intended ecapecially for the accommodation of the Empress of 
Austria, is shown in Figs. 1985 and 1986; Fig. 1985 being a side clevation, and Fig. 1986 a plan. 

The principal dimeusions of this carringe are as follows ;— 


® in. f. in. 
Longth of body outside ove of 24 12 | Total width overall .. ..  .. .. 10 0 
Width ci " = o« a» & G3 height above level of rails . 12 °9 
Height , jateidea .. .. .. G6 7 + Widthimside.. ..  .. .. «2 «. 8B AY 
. mn atcentro .. .. . .7 Sf + Length ,, ofsaloon.. .. .. .. 10 2 
Wheel base... oe ee WBC 
i 


» Of sleeping compartment 6 6 


Total length over buffers... .. 27 8 Total length inaide 


. 23 83 

The frame ig of comporite construction, the soles being of [T iron, 9,4 deep, and placed 6 ft. 7}3 in. 
apart from ocnfe to centre, while the rest of the frame ts of wood. The wheels are of eolid wrought 
iron, and the bearing springs are long. The draw-bar is continuous, and is provided with an india- 
rubber draw-spring, tho buffer springs bring also of indinrubber, Iu the front of the doors there are 
provided footstepe F, which muy be raised or lowered, these steps being necessary to afford easy acceas 


to the iave, as the stations on the Austrian railways are without platforms, Between the body 
and the underframe there are inte i twelve indiarubber cushion springs I, which are carried 


by cast-iron brackets bolted to the soles, while end or transverse motion of the body on the frame is 
checked by incans of radius bara R. The floor of the body is strongly framed, and is composed of 
two layers of planking laid with crossed joints, and glued together, whilst above thie planking is 
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fixed the parquetry work which forms the floor proper. The roof of tho carriage is male double, 
the roof-sticks being arranged between the inner and outer planking. The ventilation of the carriage 
is secured by providing each compartment with ventilators communicating with air-collecting cowls 
5, on the roof. 
os The general arrangement of this carriago is as follows ;—A door D, on each side of the carriage 
gives access to a central transverse passage or lobby P, having a clear width of 2 ft. 11} in. On 
one side of this use a door opens intyw the saloon S, while on the other side are the lavatory L 
and water-closet W ; a short longitudinal passage, 2 ft. 83 in. wide in the clear, being led off between 
the two last-mentioned compartments, and giving access to the sleeping compartment B. The 
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1998, 
saloon § is richly trimmed with a light drab silk rep, the 
mouldings being white and gold. The fittings consist of a 
conch, extending across one end, a couple of chairs, a couple of 
round stools, and a table which unfolds and forms a muirror: 
mirrors being alao placed on the door and on the walls. The 
floor of the saloon is covered by a carpet, and the compartment 
is lighted by two large roof lamps G. The communicating 
passages P, together with the water-cloget W, and lavatory L, 
are panelled with parquctry work, with mahogany and gilt 
cornices; and the floors, as also that of the sleeping compurt- 
ment A, are carpeted. The lavatery and water-closet doors 
are made in two leaves to save reom, these leaves being con- 
nected so that they open and close simuitancously.  Bencath 
the wash-hand basin in the lavatory is fixed an ice safe for the 
storage of provisions, ‘The sleeping compartment B contains 
two sleeping couches, arranged nagainet the sides of the carriage, 
there being a passage a little over 3 ft. between them. This 
compartment is trimined with dark green silk rep. 

In Figs. 1987 to 1980 is shown a sleeping carriage con- 
structed at the railway carriage and waggon works, Simmering, 
uear Vienna; Fiy. 1957 is partly a side clevation and partly a 
longitudinal section, Fig. 1089 is a cross section, and Fig. 1988 
a plan, The underframe of this carriage is of a composite con- 
struction, similar to the saloon carriage illustrated in Figs. 1966 and 1067. The body 
on indiarubber cushion springs 8, its outside dimensions being aw follows :—longth 25 ft. 1 
width 8 ft. 63 in., height 8 ft. 83 in., wheel base 13 fi. 3) in. aud the weight of carriage 11} t 
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The roof is raised in the centre, and in this raised portion are hung the lamps L, one to each 
soca! een these lamps being fitted with ventilating arrangements, and also provided with 
shades as shown at L’ for oe the light at night. The lining of the carriage is of mahogany, 
inlaid with rosewvod and maple, the floor being of well executed parquetry work. The colour of 
the trimmings is a warm drab, the seats being covered with silk rep, and the curtains being of gros 
de Naples. ‘The warming is cffected by the heated air being admitted to the several compartments 

through the gratings G fixed in the floor. 
The curriage is divided into three compartments A A’ and B; A A’ being intended for 
gentlemen, and B for Indies; a lobby D, to which access is gained by side doors d, and a 
lavatory C, and water-closet W; communication being obtained between the several compartments 
by means of the doors d’. Euch of the compartments A A’ B contains on each side two seats 8, 
with a table T between them; this table being movable and the seats capable of being drawn out 
80 ad to meet and forma bed as shown at 8’, Fiz. 1987, the upper parte of the backs of the seats 
being removable so as to be used as pillows. Above each pair of seats is a second bed E, which, 
when out of use, occupies the position shown at E’, Figs. 1987 and 1989, its underframe then 
forming part of the ceiling. When required for use each of these upper beds is drawn down into 
the position shown at E, where it is supported on suitable fixed ledges. In this position it is 
4 ft. 8 in. above the floor, or sufficiently high to clear the heads of people sitting on the seats 
henenth it. Each upper bed E E’ is provided at cach end of its frame with a couple of small brass 
mulleys P, over which, and over pulleys P’ fixéd to the partitions, there passes a suspending cord 
armed of covered copper wire, this cord being capable of sustaining a load of 6cwt. The pulley P’ 
fixed next the side of the carriage is, it will be seen, larger than the others, and it is double, the two 
onds of the cord passing over it, and being attached to a counterbalance weight running in a 
snitable casing in the side of the carriage; this weight being such that the bed is perfectly 
balanced in cach position, and it can thus be raised or lowered with great ease, and when closed up 
it is socarcd by a lock and key. Above each of the upper beds, when raised, there is a 8 which 
provides stuwage room for the mattress of the lower bed. Curtains are provided for shutting off 
the beds from the central passage, and there are also small ladders or portable steps for giving 
convenient access to the upper beds. 
‘ 1990. 
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Tn as 1990 to 1992 is shown a composite saloon and sleeping carriage constructed by the 
Railway Rolling Stock Ci.natruction Company, Breslau; Fig. 1890 is partly a side clevation and 
partly a longitudinal section, Fig. 1992 is a ornss section, and Fig. 1991 a plan. 

The principal dimensions of this carriage are as follows ;— 


ft. in. 


mf. in. 
Longth of body .. ..  .. 30:10 Total width overall .. .. 10 0 
v framo ~ «« 80 6 Height from level of rails to 
» overbuffera ..  .. 34 1h centre Line of buffers .. 0... 0 8S 
Width of body outsido . 8 63 Distance between wheel centres 16 43 
; ." } 9 


~ 2g | Length of bearing springs .. 6 


Tho underframe fw entirely of iron, and between it and the body are interposed steec] auxiliary 
springs 8, 2 ft. 73 in. long Lotween end centres, there being four of these springs on each side of 
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the carriage; they are placed directly over the soles, upon which they bear, and their ends are 
coupled by links to anglo irons, of which « pair extend longitudinally under the body on each side 
for its whole length. End motion of the body on the underframe is prevented by means of radius 
links L, situated at the four corners, and pulling againet indiarubber pads, while too great 
freedom vertically is prevented by leather straps I, attached to the corners of the body, and 
connected to pins pulling against very thick indiarubber rings, 
which have a bearing against brackets fixed to the underframe. 1992, 
‘The draw-bar is continuous; the buffer and draw-springs being 
‘volutes, and the buffers having wrought-iron akeleton casings. 
The panels of the carriage are of iron. Besides the longitudinal 
angle irons already mentioned as supporting the auxiliary springs 
$S, the body frame is further stiffened by bottom cross bara of 
T iron filled in with wood, alternating with cross bara of wood 
only. The roof and floor are double. For balancing the window 
sashes of the doors, an arrangement of counterweights is provided, 
the counterweights being connected to @ bar, on which the sash 
rests when partially open or when lowered, this bar serving also, 
when in its highest position, to close the well in which the sash 
runs. The standing pillars are furnished with the finger guards 
very generally used on German railways, these guards each con- 
sisting of a strip of stiff leather, fixed so as to overlap the joints. 
The doors also have strips of indiarubber let into dovetail grooves 
in their framing, these strips closing against similar strips let into the body framing. A ventilator 
is provided over each fixed side light, and the lavatories have ventilating cowls V, in the roof. 

The carriage is divided into two double compartments A B, having betweon them a central 
space, which is divided by a diagonal partition so as to form two unequal-sized lavaturies L, each 
containing a wuter-closet. The lid of cach watercloset is connected by a link with tbe flap which 
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covers the mouth of the discharge pipe, so that when the lid is opened the flap is closed and the 
reverse. The first-class compartment A provides accommodation for nino ngers ; it is trimmed 
with green Utrecht velvet, and the seats are so arranged as to form comfortable couches, as at C, 
Fig. 1900. Of a pair of opposite seats one merely draws out toan cxtent limited by a hook H, at tho 
back, while the other when similarly drawn out tilts slightly, and draws down after it a portion of 
the back squab which: is fixed to a e hinged to the frame of the seat; a huok E, fixed to the 
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partition limits the descent of the squah, while a link 
K controls the drawing out and tilting of the seat. 
The second-class compartment B accommodates 
thirteen passengers, it is trimmed with drab oloth, 
and the seats simply draw out, as shown by the dotted 
lines at C’, Fig. 1990. The carriage is warmed by 
briquettes placed in suitable iron casings M arranged 
under the sents; the doors for inserting these bri- 
quettes being shown at D. 

The weight of this carriage, when empty, is 11 tons 
10 cwt., or a dead weight of about 11} ewt. A pas- 
sen ger, 

‘A. second type of continental composite carriage, 
constructed for the northern lines of the Austrian State 
Railways by F. Ringhoffer, of Smichow, near Praguc, 
is shown in Fig. 1993 in side elevation, and in section 
through the coupé, and in Fig. 1994 in plan. This 
carriage is mounted on a composite frame, tho soles 
heing of J iron, and the rest of the frame of wood. 
The outside panels also are of iron; and the roof of 
the carriage double. 

The principal dimensions are as follows ;— 


% in. 
Lingth of body outside, ex- 
clusive of projection of coupé 24 4} 
Length of frame .. Ce. a | 
Width of body outside ~ 7 7% 
» owerall = .. «2 oe os 9 4 
Heigvht inside at centre G6 5} 
Length inside of coupé... 5 33 
- of first - class 
compartment - 7 9 
Length inside of each sceond- 
class compartment .... 5 6% 
Distance apuart of soles be- 
tween centres .. .. 6 +4 
Leugth of bearing apri ngs 
between centres of eyes... G 28 
Wheel base . we It 6} 
Height from level of rails to 
centre line of buffers... 3 53 


The weight of the carriage empty is § tons 15 cwt., 
ora dead weight of 7 cwt. a passenger. 

The bedy is divided into four compartments, two 
first-class A, aud two recond-class B; one of the first- 
class compartments A’ being a coupe, accommodating 
three passengers, and is fitted with scata affording 
sleeping accommodation, as shown at C. The end of 
the carriage at which the coupe is situated, instead of 
being made flat as naual, projects outwards, below the 
windows, tu the extent of #3 in., a recess R being thus 
formed into which the lower parts of the beds, or 
exteusion of the ordinary seat», can be folded; the 
recess also accommodating cushions or pillowa for the 
head. In the plan, Fig. 1991, two of the extensions of 
the seats are shown folded up, whilst the other C is in 
the horizontal position. The first-class compartment 
A is fitted up in the ordinary way, and accommodates 
six passengers; the second-class compartmenta B, 
carry eight passengers each; the total number of Ree 
sengersa carricd by the vehicle being twenty-five. 
first-class compartments arc trimmed with Abin 
Utrecht velvet; the mouldings, being of walnut aud 
maple; and the arms of the seate are made to fold 
up out of the way when desired. The second-class 
compartments have the roofs and interior above the 
cushions lined with oilclotb, and the cushions covered 
with leather. 

Puliman Cars.—The first of these cars, was con- 
structed by Pullman in 1859, and was run on the 
Chicago and Alton Railway, between the former place 
and St. Louis, a distance of about 280 miles. The cars 
employed upon the English railways differ somewhat 
froin those on the Amcrican lines, being carricd on 
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four-wheeled bogie trucks, while the practice in the United States is to employ six-wheeled 
trucks, the cars so mounted being stated to ride more easily and smoothly than those on the four- 
wheeled trucks. 

Figs. 1995 to 2011 relate to these cars. Fig. 1996 is partly a side clevation, partly a longi- 
tudinal section, and partly an elevation of the y framing of the drawing-room car; Fig. 1999 is a 





half crosa scetion and half end elevation; and Fig. 1997 a plan of the same car. The sleeping car is 
shown partly in side elevation, partly in longitudinal section, and partly an clevation of the framing 
in Fig. 1998; in cross section in Fig. 2000; and in plan in Fig. 1995, the end clevation being similar 
to that of the drawiug-room car, shown in Fig. 1999, 

The principal dimensions of these cars are ;— 


ft. in 
Tangth over end platforms .. 006. 6. ee ee ee ee ee ee OOD 
Width Ke ee), suber. stale 9 O 
Height above level of mils a a ee ee es ee ee ae | 
Tangth of body O- ge ae as Me -36- ee we Se Ne be. ux 7S 6 
Width és outside .. & 9 
ws ee inside Ry. et ca Ee, Uh che en 8 2 
Height , outside, atsides 2.006.006. 006... oe eG TOS 
inside, at centre . ie whee eo. whe 58h 8 6} 
Wheel base of each bogie Oe ee a ST ee 6 6 
Distance apart of centres of bogies 6. wwe we, .  « 389 0 
Total wheel base 6.006.006. eee te ee ee ae OG 
Length of bogie truck. ‘ as a oc hg ses 2% oe a : 3 lI 0 
Width “ re ee ee ae ee ee G 10g 
Dinmeter of whecls ee er ee ee eS ee ee 3.6 
Length of axles Wee ie | es Sy cWide eile. AG: Toa Me ae. “tie 7 3 
Diameter ,, at eentre gos igs “wh Qi ate. SS Oe a QO 44 
es re ut back of wheel... 06. wee Q 5L 
ia » ~~ ate wheel sent ji. iio. Yoh Ee oc . ow.©6©6OOChCUDS 
“ SOMTHAINE 65. ae. Sése- fy de: ads ta SR eet QO 3% 
Leugth of me Oe “Gis GE. We. tae | he. ee, GS ac “es 0.68 
Distance befween centres of journals ..000.. 00 -. ek we. ~ G fi 
Radius from bolster pin to centres of rubbing pieeres Joo. 6... 2: Ope 
Principal timbers of baci frame...) 0. eee hein Dy 7 it. 


Longitudinals Fand No.0 6.006. ee eee ee ae Bw CR, 

Cur Framing — 
Total length of framing... 6.00) ee we eee ee ee we CT OOD 
Length of framing uf body... we wee we ce ee 


Width of 7 Me. wee au ey er Mie de. Se. ee te Se 
Boleg se Ae aw we 28 see ae Ge a. me, (Sia by Tan 
Longitudinals ..00 6.00.6. wk we we ae et ae) ar 
Cross timbers (’ eo ime: sae “ee ee ee a TR ou A 

a ee t ae ee ee 2 a er 


The construction of the body framing of these cars will be readily andcratood from the eleva- 
tions, Figs. 1996 and 1998, and the plans and sections, Fiza, 2001 to 2004, and from the following 
description. Fig. 2001 ig a half plan of the under side of the bottom framing; Fig. 2002 a longi- 
tudinal section of the same; Fig. 2003 a cross section on the line ad; and Fig. 2004 a similar 
section on the line c 

The floor framing consists of four longitudinal timbers, besides the sole-bara, these longi- 
tudinals and the sole-bare being connected at short intervals by transverse timbers ¢, and resistance 
to oblique strains being given by a double flooring, the planking of which is laid diagonally. The 
sole-bara are utrengthened by truss-roda T, and at four pointa between the bogic centres there are 
also transverse bearera (¢, which are stiffened by double truss-rods. The sole-bars aha the 
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bogie centres are strengthened not only*y the truss-rods T, but also by diagonal timbers and 
struining beams, which form a regular truss beneath the windows. Besides this, a tie-rod or 
counter-brace C extends along each side under the windows, this tie-rod bearing upon cast-iron 
struts fixed on the sole-bars in a line with the bogie centres, and then extending obliquely down 
through the soles so as to give support to the ends of the car, and keep all parts of the trussed 
framing well up to their work. It will thus be seen that the flour, combined with the trussed sole- 
bars and the body framing beneath the windows, really constitute a king of girder of m4 section, 
and form a structure possessing great powers of resistance to either compressive or transverse strains. 
The upper part of the body framing consists of vertical pillars of apparently light section, a number 
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of these pillars being, however, strengthened by wrought-iron rods ¢ extending through them from 
top to bottom, as shown by dotted Hines in Fig. 1998. An appearance of great lightness is thus 
obtained without a sacrifice of strength. The central portion of the roof of cach car, as shown in 
Figs. 1999 and 2000, is considerably higher than the rest, and to avoid the neces-ity of carrying roof- 
sticks across this raised part, Joiron is largely used in the roof framing, the TT iron roof-sticks 
following the contour of the roof. 

The ears are fitted with central buffers and couplings, the end platforms and the couplings 
being arrange 1 on Miller's syst-m, which is in «extended use in the United States. In this arrange- 
mnent the compressive strains are rceeived by central buffers B, Fig. 2008, placed above the coupling 
huok H, these buffers transmitting the strain direct to the framing. The coupling hooks H are 





formed on the ends of bars of cruciform section, and are connected to draw-springs fixed to the two 
central longitudinal timbers of the floor framing, the connection being such that the outer end of 
the hook is free to move horizontally to a small extent, although its tendency is to remain in 
a central position. The ends of the hooks H ure so formed that when two cars are brought 
together the hooks at first push each other aside, until the cars having come sufficiently close the 
hooks engage each other, the operation of coupling thus being automatic. When the cars are 
coupled the buffers B are semewhat compressed, so that there is no slack. To uncouple the cars 
one of the hooks H ia drawn aside by the hand lever L, Fig. 1999, which is connected to the hook- 
bar by a chain, while by pulling the lever L over into a notch, the hooks can, if desired, 
be kept from engaging with each other when the cars are brought together. In the case of these 
cars, however, it has also been necessary to provide for their being in aome instances coupled up 
with stock having the ordinary side buffers, and for this purpose the arrangement in Figs. 2005 
to 2008 has been designed, Fig. 2005 being a plan of the underside of end of bottom framing, 
Fig. 2006 a side elovation, Fig. 2007 an end elevation, and Fig. 2008 a longitudinal section of the 
same. On reference to these drawings it will be seen that the side buffers P’ and central draw-hook 
K’ can at any time be very readily removed, the latter peing replaced by the buffer B, while the 
hook H can be connected to the spring 8, specially provided for it. The alteration of the car from 
the side to the central buffing systom, or the reverse, being thus an operatiun requiring only a fow 
minutes for ite performance. aaa 
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Figs. 2009 to 2011 are detail views of the constructfon of the trucks or bogics on which ere 
cars are mounted. Fig. 2009 is a half longitudinal soction and half side elevation; Fig. 2 a 


half end elevation and half cross section; and Fig. 2011 a plan. These tracks are four- wheeled, 
and are fitted with wooden dise wheels 3 ft. 6 in. in diam. The bolster body is connected to the 
truck by a central pin P, and takes its bearing partly on the plates surrounding this pin and 
partly on the side rubbing pieces J. The weight of the body is thus transferred to the beam D, 
between which and the awéng beam M, are interposed the bearing springs L, there being three 
of these springs on each side. ‘The beams D and M, together with the springs L are free to swing 
lnterally, the beam M taking its bearing on the pins which connect the lower ends of the links 
Ton each side. By the links T the swing beam M is suspended from the side frames F, and 
these, in their turn, bear upon spiral springs 8, which are interposed between their under sides and 
the upper sides of the bent bara B, the ends of these latter resting upon the axle boxes; the load 
being thus trausmitted to the axles through two series of springs. 





The interior of thia car, Figs. 1996, 1999, is divided into a main suloon A, 40 ft. Jong; two 
private compartments B, each 6 ft. long; and some sinaller compartments forming lavatories. 
Commencing at the end P, Fig. 1997, it will be aeen that access to the interior of the car is afforded 
by a central door opening inte a rhort passage provided with another door at its inner end. On 
one side of this passage is the gentlemen’s lavatory L, and on the other side that for ladies L‘. 
From this passag@uccess is guined to the main saleon A, which contains seventeen chairs. The 
chairs are of a very comfortable shape, and are cach monnted on a central standard eo that they 
can be turned almost completely round, their metion being only limited in the direction of the 
cintral passage, which it is desired to keep clear; while by drawing a bolt each chair is Jett free 
to be canted bach wards into the position C, Fig. 1996. From the end of the main saloon s passage 
TD) leads along one side of the car, past the two private compartments B, doors opening from this 
parsage giving access to these compartments, each of which contains a seat or sofa, and two chairs 
bimilar to those in the main saloon, Beyond these private compartinents is a kind of lobby F, 
having on one side a small compartment H, containing the heating a paratns, and on the other a 
store closet S; a door from this lobby opening on to the end platform P . In tho internal fittings 
of these cars no papenee has been spared to add to the comfort of the passengers. The scata, which 
are very comfortable, are upholstered with Utrecht velvet, the floor is well carpeted, and the 
interior is well lighted by handsome lamps E, arranged as in Fig. 1996. Tho lining panels 
are of American walnut relieved by gilt chamfers, which contrast well with the evlour of the wood 
The windows are large and well fitted, and are provided with blinds made of a peculiar material 
finished off with stamped leather. These blinds are mounted on rollers fitted with a very neat little 
contrivance for holling them in any porition, and which, unlike such contrivances in general, does 
not seem likely to yet ont of order, It consists simply of an elliptical cam fixed to the roller and 
presse] upon by a spring, the result being that at two points in each revolution the roller tends 
to stick; the material of the blinds being sufficiently rigid t: impart motion to the roller, and to 
nove it past the sticking points when the blind is pushed up. With the excoption of the lamps, 
aud the hat-mil brackets, which are bronzed, the metal work within the car, such as the door 
handles, and the like, is almout all nickel plated. ‘he water for the lavatories is soutained in jana 
beneath the basins, a small pump beside each basin raising the water as nired: this arrangwement 
being adopted to avoid the employment of roof tanks, which are difficult to fill. Each lavator 
also contains a special cistern containing a supply of drinking water. ° y 
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The internal arrangements of the sleeping car, Figs. 1995, 1998, are as follows. Entering 
from the P bapcd ae P we pass through a passage L, 5 ft. long, having on one side a gentleman’s 
lavatory G; and a water-closct W, and linen closet C, on the other. At the inner end of the 
passage is a door opening into the main compartment A, which is 25 ft. 9 in. long inside and is 
traversed by a central aisle from end to end. On cach side of this aisle there are, during the day, 
four pnirs of seats 8, with a table T between the seats of cach pair. For night service the tables T 
are removed, and cach pair of opposite seats S converted into a bed B; while a second bed B’ is 
formed above them. To form the hed B, the seats 8 are drawn out, and the backs then fall down 
and fill up the spaces left by the withdrawal of the seats. A mattress is then placed over the 
seats, and in this way a very comfortable bed is obtained. The arrangement of the upper tier of 
beds is shown in Fig. 1998, and in the cross section, Fig. 2000. During the day the shelves con- 
taining these beds are folded up obliqucly against the roof of the car, as shown at D ; whilst when 
required for use they aro drawn down as shown at LB’. The beds B’ are balanced by connecting the 
shelves by a chain toa coiled spring V, the spring being coiled up as the bed is pulled down, and 
the reverse ; and can thus be pulled down or pushed up very casily, When down they are at such a 
height above the floor that passengers can, if they desire it, still oceupy the seats beneath them. 
The seats S are each of sufficient length to accommodate two passengers, and the beds are nomi- 
nally double beds ; they are, however, rarely oceupicd by more than one passenger each. The 
mattress and bed linen for the lower bed B is, during the day time, stowed away upon the upper 
one B', while u box below the scat receives the pillows, as at P, Fig. 2000. At the end of 
the main compartment A isa second linen eleset C’; while beyond are two private compartments 
L, which are entered from a pussage which runs along one side of the car; and between these com- 
partments is a third linen closet C’. Each of the private compartments L contains a couch, which 
can be drawn forward at night 60 a8 to form a comfortable double bed; there is also an upper berth, 
and two seats which are also convertible into a bed, Beyond the private compartments is a lobby E, 
having on one side a ladies’ lavatory and dressing-room R, and on the other a smal] compartment 
containing the heating apparatus Ho; a door opening from this lobby giving access to the end plat- 
form BP’. The seats, as in the drawing-reom car, are upholstered with Utreclit velvet; all the 
internal woodwork being of American walnut, relieved by gilt chamfers. 

The warming of these cars is cffected by hot-water pipes led off from warming apparatus 
contained in the compartment H already mentioned. This apparatus consists of a small heating 
furnace or ateve containing a coil of piping; the water heate.t in this coil passing up to a tank on 
the roof, and from thence being led off through the pipes which pasa along the sides of the 
carriages below the windows ; a retary pipe bringing it back, when cool, to the heating coil. The 
water thus circulates constantly, while the small tank on the roof serves to contain a reserve supply 
which will make up any slight losses due to evaporation or leakaye. 

The ventilation ta provided for by the windows, by openings at the sides of the raised portion of 
the roof, and by air inlets in the under sides of the fee which protect the end platforms. These 
airinicta, as well as the other reof openings, being protected by fine wire gauze, 6o as to avoid 
severe draughts, and prevent the entrance of dust andl cinders. 

“ach of these car is fitted with the Westinghouse air brake; the brake blocks, which are of cast 
iron, being applied to all the whecls. 
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Post Office Vans.—In Figa. 2012 to 2021 are shown the Post Office vans constructed fur the 
Austrian Mail Service, by the Railway Carriage and Waggon Company, Simmering, near Vienna. 
These consist of a travelling Post Office, Figs. 2012 to 2016, fitted with complete accommodation 
for sorting letters, and a tender, Figs, 2017 to 2021, constructed to carry the mails in bulk, and 
parcols, Those two vehicles communicate by end doors 1D’, and an intermediate platform which is 
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protected from the weather by a flexible passage or casing of waterproof canvas. They are close 
coupled, being always intended to be run togetiier; and the tender is fitted with a brake worked 
from a covered guard’s seat 8, provided ut one end. The frames of these vans are of the composite 
type, with wrought-iron solvs and the rest of timber; and the wheels are of wrought iron. Both 
the vans are of the same dimensions; namely, 21 ft. 9} in. long by 8 ft. 9§ in. wide outside, and 
6 ft. 10 in. high inside, at the centre, and are each carried on four wheels, with a wheel base of 
11 ft. 43 in. The weight of the sorting carriage is 9 tons and of the tender 84 tons. 
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The sorting van, Figs. 2012 to 2016, has no side doors, and can be entered only by the end door 
D’, communicating with the other van. The body is divided by a transverse partition into two 
unequal compartmenta, the larger one A constituting the travelling post office, while the smaller 
B, which adjoins the end door, contains on one side a stove Sand on the other a lavatory and 
water-closct C, To shut off the latter from the passage, the end dvuor of the vehicle is turned back 





at right angles to the position it ocoupies in the plan, Fig. 2016, and is secured by a bolt. Tho 
larger compartment of the van A is admirably fitted up, all the furniture and fittings being of 
polished oak, and of excellont workmanship. Along the sides and across one ond extend tables 
covered with leather, above which are arranged rows of boxos or pigeon-holes P, for the reception 
of the sorted letters, the interiors of these boxes being covered with green cloth; while underneath 
cach row, brasa frames are fixed for receiving the names of the various towns to which the boxes 
correspond. ‘Two rows of these pigeon-holes are intended for letters containing money or valuables, 
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and are fitted with locks and keys. Beneath the tables are drawers and boxes, also fitted with 
locks and keys, and intended for the reception of parcels, whilst beneath the frame of the carriage, 
at the centre of its length, is fixed a locker L, with side doora, in which other parcels can be 
stowed. The office furniture also includes three turning stools E, a chair G, Dieppe 
and knives, hat and ‘coat hooks, luggage carriers, whilst the lighting is offected by two roof 
lamps R, three movable wall lamps H, provided with pipes V, for leading off the products of oom- 
bustion, four branches I, carrying candles, and three hand candle-lamps. The warming is effected 
by a stove 8, arranged as shown, there being in connection with the chimney of this stove a con- 
trivance for ventilation on Meissner’s system. The ceiling of the carriage is covered with oilcloth, 
aud the floor is of parquetry covered with a carpet of leather. 
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The other van, or tender, Figs. 2017 to 2021, has’ internal fittings of a very simple kind, these 
consisting merely of shelves K, for the reception of parcels. It is entered by double side doors D, 
and is provided with the end door D’, alrendy referred to. It is lighted by two roof lamps BR‘. 
Beneath the floor at the centre of its length there is arranged a locker L’, with side doors as in thee 
case of the companion carriage ; the side footboards of both carriages being fitted with partitions 
which fold back to give uccess ta these loekers. 
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AMvat and Prorision Wagjon—Wageons intended for the tranaport of fresh meat, butter, milk, 
fish, vegetables, fruit, and the like periehable articles in good condition in all seasons and tempera- 
tures, must be so constructed that the transmission of heat to the interior shall be practically 
prevented, the temperature therein heing kept as oniform as possible ; the said temperature ranging 
from 31° to 50° F., according to the length of time during whieh it is required to preserve the 
provisions, For it must be borne in mind that the temperature to which meat should be ex poeed 
during transmission should never be lower than that necessary to secure perfect soundnewm:; as meat 
Which bas been stored at a very low temperature, rapidly deteriorates in appearance when expoaed 
for sale in a market, by reason of the condensation of the mointure of the aurnosphere which takes 
place on its surface. Another necessary feature is that the air within the waggen must be 
coustantly changed, and before coming in contact with the articles transported it must be cleancd 
from the dust, smoke, and cinders with which the atmosphere surrounding a railway train ia con- 
etantly charged, and it must be cooled and dried. The interior of the waggon aleo must be so 
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nat ana and fitted as to admit the convenient stowage of the meat or other articles to be carried, 
and must be such that it may be casily kept in a state of perfect cleanliness; the doors being so 
arranged that while affording perfect facility for entering the waggon and loading and unloading, 
they can be hermetically closed, absolutely excluding the passage of air. 

One of the best of these railway provision waggons, or refrigerator cars, as they are often 
termed, is that of W. D’Alton Mann, of Mobile, Alubama, U.S, Figs. 2022 to 2024; Fig. 2022 
is a longitudinal section of the waggon, Fig. 2023 is a cross section, and Fig. 2024 a plan partly 
in section. The walls, roof, and floor of this waggon are double; the outer casing A being 
formed of planks or boards, and the inner casing B of sheets of zine or other metal not subject 
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to oxidation; the floor has also planking under the zinc. To one or other of these casings, on 
the inner surface, there is added a sheathing C of pressed paper board, or similar material, aud 
the space between the two walle AB is filled with sawdust, charcoal, or other slow heat-conducting 
material, For the introduction of fresh air inte the waggon with the necessary force when the 
waggon ia in motion, one or more pipes D are provided, each terminating in a double funnel D’ 
at the top of the wagyon, and in the throat of these double funnels is placed a valve V: the 
movement of the waggen in either direction enusing the entrance of air by one mouth of these 
funnola, and the valve V automatically closing the throat ofthe other funnel. The air in entering 
tho funnels 1 encounters firet a sheet of wire gauze Z, which intercepts the larger particles of dirt, 
sparks, and the like; the air thus partially cleansed then descends the tubes D. and is further 
Pell by the precipitation of other particles of dust into the cups FE at the bottom of the tubes D, 
the dust cups, for facility of omptying, being attached to the tubes D by bayonet fastenings. 
Nhe sir then passes by the branch tubes F’ into the large box G. which is suspended from the 
waggon frame, and is filled with damp willow shavings, hay, grass, or other suitable material ; and 
in order that these willow shavings, or other material, may not settlo into a dense mass, a number 
of horizonta] wires or thin spikes G' are attached to the back of the box G, projecting nearly to the 
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front, and with the shavings, or other material, distributed among them; the front of the box G 
has a door H, hinged near the bottom, which is water-tight; therefore a certain quantity of water 
is retained in the bottom of the box, the surplus quantity dripping out at this door; and the air 
passing through this mass of damp shavings, or the like, is freed from the dust and cinders that 
may not have been previously removed from it. The air then ascends, and passes through the 
vertical tubes I, and through the horizontal portions I’ of the same, through an ice tank or reservoir 
J, placed at the top of and ontircly within the waggon ; 
the suid tubes I being so bent and arranged that they 


pass and return through the entire length of the ice ~nd 

reservoir, conatantly ascending, or inclined upward, in ee eo 

order that the water condensed from the air passing over or Vite P a ee 

the inner surfaces of the pipes resting in the ice, may Gg tvan a7 re 

drip back into the box G. This arrangement is most saisiacci tht — 
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important for ensuring a dry condition of the air entering 
the wagon, which cundition is essential for the proper 
preservation of meat and similarly perishable articlea. 
The air is thence discharged at different points into the 
compartment K, which is loosely tilled with blocks of 
charcoal, or other material that will rapidly absorb 
moisture. From this compartment K the air escapes at 
the top on either side the openings L. and passes over, 
and ia then disseminated throughout the wagyon in a 
puritied, couled, aud dried condition. The ice reservoir 
J is formed of galvanized iron or other non-corroding 
metal, and may advautugeously be corrugated; it is 
placed wholly within the body of the waggon, and thus 
presents the area of its entire surface to the air in the 
waggon, and therefore acts most efficiently to cool the 
same. At the Lottom of the reservoir J is provided a 
gentter M, into which any moisture on the outside of the 
ice reservoir will drip, such drippings being conveyed 
therefrom through a pipe, into a receptacle provided for it at the bottom of the wagzon. The water 
resulting from the gradual melting of the ice in the reservoir J is conducted by a small tube O into 
the box G, where by means of a perfurated tube P it is so distributed as to moisten and cool the 
entire mass of material in the box. The air foreed into the waggon through the funnels ID’, ae 
above described, is exhausted at the opposite end of the waggon by meais of the vertical tubes Q. 
These tubes are placed outside the wazgon, with their lower end extending and opening into the 
stne, and they are vach provided at the top of the waggon with a funnel or exhauster I, xo jointed 
ther-tu as to turn freely with any change in the direction of movement of the wagzon; and thus 
throughout the movement of the aaid waggon a strong draught from the interior outwards is 
produced by these funnels, which draught acting in combination with the foreing action of the fixed 
funnels D’ at the other end of the wagyon, whenever the latter is in motion, will ensure a rapid change 
of the airin its interior; the rapidity of this change of air being regulated by valvea in the inlet and 
outlet pipes. To carry the hooks for attuebing the carcasses of meat, the beams S, which consist of 
flat bars of iron arranyed in pairs, are placed across the waggon at the cornice, the said beame being 
Stayed to the rovf by the diagonal braces S‘, aud on the beawns 8 are placed a number of suitable 
hooks for the suspension of the entire carcases or large joints of raeat. A second series of movable 
beams S?, fitted with hooks, may be inserted at a proper height to anpport smaller joints or picveca 
of meat; er Jong movable houks may be temporarily attached to the beam So to serve this latter 
purpose, When the waggon is required for carrying fruit, vegetables, flowers, and the like, it is 
provided with racks or shelves in place of the beams and hooks above described. The ico tank J 
.is suspended from the rafters by strong straps, thus leaving the entire length of beains clear for the 
adjustment of the meat hooks, as shown in the cross section, Fig. 2023, The ice reservoir J and 
the compartment Kare fitted with doors J’ in the top to admit the iew and drying materiul, the 
said doors being acreasible by corrmaponding doors or traps in the double roof, so constructed as 
to be air-tivht when closed. To effectually ensure the protection of the wasgon roof from the 
direet rays of the sun, a false roof T formed of canvas etrctehed over light rafters T’, which are 
supported by brackets, ia placed a few inelew above the true roof R, this fabe roof being «also 
provided with doors or traps to permit acecss to the doors Jin the trae roof. “The doors U alide 
on rollers, and to ensure the air-tight closing of theae deors, an indiarubber tube V’ is placed 
entirely round the opening in the waggon sides, and the door, when shut, ia brought firinly against 
thie indiarubber tube by incana of the bolts U’, which pass through the door and serew into tapped 
holes of the wall of the waggon, thus ensuring a perfectly air-tight joint between the siden of the 
waggon and the door, The door U is sometimes formed double, or in two parallel parte, one fitted 
inxide and the other outside of the waggon walls. ‘To ficilitate the proper cleaning of the interior 
of the waggon, the interior surface of the floor is made to slightly incline to the contre throughout 
its entire length, and a hule or well in the floor, fitted with a suitable plug, permits the cacapo of 
fluids dripping from the meats or used in cleaning the waggon. 

Figs, 2025, 2026 ure of Knott's refrigerator ear, or provision waggon, Fig. 2025 leing 
longitudinal section of the Wargon, and Pig. 2026 a cross section of the same. The whole of the 
iuterior of this waggon is surrounded or lined with any suitable non-conducting substance a, and 
is rendered perfectly air-tight. The chumber or ree iver AD for containing the resuired refrivernt- 
ing agents for producing the desired low temperature, is formed in the top of the waggon. This 
chamber or receiver is constructed of any suitable metal, and is made of the samo width as the 

of the waggon, and is supported on suitable ledges B, fixed along the sides of the waggon. 
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A small space CO is left between the top and the ends of the receiver AD and the non-conducting 
lining a of the waggon for the passage of air. The top part D of the receiver A D is made some- 
what shorter and narrower, but deeper, than the lower part A, as shown, and serves for the intro- 
duction of the refrigerating agents from the top of the car, which is provided with air-tight closing 
doors M for that purpose; 4 are pipes or tubes passing through the shallow part of the receiver or 
tank A, for the downward passage of the cold air, as hereinafter described ; ¢ similar pipes passing 
in an oblique direction from top to bottom of the receiver or tank AD. On the under side of the 
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sail receiver aro fixed a series of gutters E, so arranged as to collect the condensed moisture and to 
carry it to u trausverse gutter F, placed at the end of the carriage, the condensed moisture being 
carricd off from the eaid gutter F, and discharged outside the carriage by the pipe G, which is pro- 
vided with a siphon H at its Jower end, to prevent the inlet of the external air, From the bottom 
of the receiver A passes a pipe I, communicating with the coil of pipes Ko passing round the inside 
of the waggon us shown, the lower end of the raid coil passing out through the bottom of the 
wagon, this pipe being provided with stop-cocks J and L. In this waggon the carcases or joints of 
meat or other perishable articles to be preserved and transported, or rtored, are hung or packed in 
any suitable manner, and the refrigerating agents are introduced into the receiver A D through the 
doors M in sufficient quantities to produce the degree of temperature required, and the dvors are 
then closed air-tight. The air in the waggon will then, in a short tine, be brought to an even 
temperature in the following manner :—The warner portion of the air will pass up through the 
spaces C to the top of the receiver A D, and will become cool and descend through the tubes 6 and 
c, und any moisture which it may contain will be condensed in these tubes and on the outside sur- 
face of the tank, and be collected in the gutters FE, the construction of the said gutters at the same 
time allowing the cold air to pass downwards. as shown by the arrows, and the moisture which is 
collected in the said gutters will run into the transverse yrutter F, whence it will be discharged 
through the waste-pipo G outside the carriage. When the refrigerating agents in the receiver A D 
shill have become partially exhausted, the stop-cock J is turned on, and the partially exhausted 
agents will paas into the coil K, ond when thoroughly «exhausted they are discharged through the 
Ktop-cock LL. In the meantime, the stop-cock J having been turned off, the receiver A has been 
filled with a fresh supply of refrigemting agents. By this arrangement the power of the refrigerating 
agents, consisting of ice and galt, ia fully utilized. 

From the above description it is evident that in this waggon there will be a continuous circula- 
tion of the contained air, which will be constantly kept in a dry state, for any moisture therein, or 
which may forin therein from ita contact with the meat or other articles in the waggon, will be con- 
densed, and then be collected in the gutters E and F. and be discharged outside the waggon. 

It will thus be seen that thia waggon differa considerably from that of Mann, through which 
a continuous current of fresh air is maintained, while in Kuott’s waggon the air remains un- 
changed from the time of loading until the waggon is opened for the removal of the meat or other 
provisions. 

Tallerman, Gruning, end Dawnay's refrigerating wazgon, Figs. 2027 to 2022, combines the 
nlvanta of the two systums above described, as by the opening or closing of certain valves, 
either the same sir may be continually circulated neh the waggon, us in Nnott’s system, 
or a continuous current of fresh air may be passed through the interior, as in Mann's waggon. 

Tho body of thia waggou is constructed with an inner and outer bearding, having cither a non- 
conducting lining between or a clear air space, but the invention may also be applied to any 
ordinary covered waggon without double boarding. Fig. 2027 ia a longitudinal vertical section of 
the waggon ; Fig. 2029 is a half plan of ovil, and half plan of ice-tank doors; and Fig. 2028 a vertical 
cross section of the wagon. the vipes A are arranged as a coil for the circulation of the air 
through the cooling medium: B is the inlet pipe from the outer air; C is the inlet to the coil; D 
the oxit traumpet-mouth into the interior of the waggon; E is the ice or freezing mixture tank, of 
wrought iron; F are tho iron covers of the same, opening upwards; G are iron bearers supporting 
the coil of pipes A, and aleo forming thé substructure of the tank E; H is the pipe leading to the 
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exhauster; I the exhauster; J the exit of the same, or discharge pipe; K is a pulley keyed to one 
of the axles of the waggon; and M a pulley which is keyed to # cranked axle carried by brackcta, 
pendant from the bottom of the wagyon, motion being transmitted from the pulley K to the pulley 
M by the satrap L, the said pulleys and strap driving the cxhauster I. N is the circulating pipe to 
be used when it is required to circulate the same air continuously through the waggen; and O are 
movable wooden covers forming the outside roof of the waggon, the said covers being made in 
sections to admit of easy removal, and fastened down by catch hovks and studa, 
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The method of working is as fulluws:—The tank E being filled with ice or other freezing 
mixture, and the van being sent forward on its journey, the motion of the wheel axle communicates 
motion te the parts K, L, M, which work the piston of the exhanster, and the air is drawn in at 
the inlet B, and passes over the top of the tank, becoming partially cooled in’ its passage. It is 
then drawn through the coil A, out at the exit PD into the van, and thence into the inlet H, and is 
passed by the exhauster out inte 
the atmosphere. To effect a eon- 2029, 
tinuous circulation of the same 
air, each of the trumpet mouth ; 

DQ, Pis proviled witha circular = H < 
cover, which may be opened or 
' "at pleasure. On closing B 
and P it will be evident that all 
connection with the outer air will 
be prevented, and that thus the air 
contained in the wagon will be 
drawn into the exhauster I, and 
eontinuously circulated through the 
cooling apparatus, 

Gouls Wagjons.—We come now 
to the consideration of Goods and Mineral Waggons; for the fullowing remarks on which we are 
indebted to a pa; er read before the In-titution of Civi) Engineers, by W. K. Browne. 

“ The designing of a railway waggon has ita peculiar difficulties, orising from the fact that, in 
addition to the ordinary strains, which can be calculated and allowed for, auch a wagon is also 
subject to sudden and extraordinary strains which defy calculation; and it is these strains which 
have chiefly to be considered in the building of a wagyon. The leading principle, therefore, must 
be that all parts should be strong enough to suatain, without injury, the greatest shocks to which 
they are liable in ordinary working; from which it follows that the strength of a railway vehicle 
must not. as in other structures, be proportioned to the loud it haa to carry. To show this by au 
example, take the ordinary aole-ber of an 8-ton or a 10-ton waggon. Thia, following the dimensions 
specified by most railway companies, will be a piece of American ouk, 12 in. deep by 5 in. wide, 
and carrying a distributed load over a length of about 14 ft. Taking 10 tone aa the load, and 
4 tons as the weight of the waggon itself, exclusive of wheels, axlea, and springs, this distributed 
Inad will be 7 tons, or jast 4 tom a ft.; and this load is supported on the two axlea, which may 
be taken at & ft. apart. On caleulating the bending moments at the contre of this wheel base and 
over the axles respectively, it will be found that the Intter is the greatest, and that its value in 
inch-tons is } x 18 or 27. But caleulating the breaking strain of @ 12-in, by 5-ia. action in the 
ordinary way, and assuming $ as the modulus for ineh-tons, the moment of rupture is found to be 
564. This gives a factor of safety of 21, or at least double what would be required in an ordiuery 
timber structure. It follows that seme other considerntion must have led to the fixing of thia 
seantling; and this of course lies in the fact that the role-lar has not merely to carry the load, but 
to carry it under all the varying circumatances of shock and strain which have already been alluded to, 
Tt might seem an obvious deduction from the foregoing that the load of waggons, meaning thereb 
the total weight carried, in opposition to the “tare” or dead weight, ought to be largely increased. 
If the underframe of a waggon must in any case be made so strong that it would carry 20 tons as 
easily ax 10 tons, would it not be true policy to put something approaching to 20 toms upon it? 
This leads at once to the question, which ought obviously to form the first stage of inquiry, namely, 
What ia the proper load for an ordinary waggon? The Ifading principle would seem to be, that 
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the load should be as great as possible, but for reasons which will be pointed out, the question may 
be said practically to lie between 8 and 10-ton waggons. The question being thus narrowed, the 
difference between the cost and weight of an 8-ton and a 10-ton wagygon has to be considered. 

“Figs, 2080 to 2038 relate to an ordinary 8-ton coal waggon, as built by the Bridgewater 
Engineering Company, the tare of which is about 4 tons 7 cwt. A similar waggon constructed to 
carry 10 tons would weigh about 4 tons 14 cwt. This comparison would appear to prove that the 
10-ton waggon was decidedly the proper type, and that, as even here the factor of safety is far too 
high, a yet greater load might be resorted to. This conclusion, however, is negatived by the two 
following considerations ;— 

* Wagons not only have to be hauled by locomotives; they have also to be shifted by horse- 
power in yards and sidings ; obviously therefore, it is a fatal objection if a waggon is too heavy for 
a single horse to move it. Now it requires all the strength of a powerful horse to start a 10-ton 
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waggon, fully loaded and in ordinary working order, upon a dead level; to start it on anything like 
nn incline is too much for him: hence 10 tons is the extreme limit admissible for the load. 

“It is comparatively seldom that a waggon is loaded up to its full capacity. This arises 
from several causes, Thus in the first place, the contents of a waggon are often too bulky to make 
up the full weight ; secondly, the whole quantity of goods to be sent is often less than this weight; 
a track comes into some private yard and is loaded, say, with 3 tons of castings, which are quite 
sufficient to constitute what is culled a‘ truck-load’; it is returned to the station, and thence goes 
direct. to its destination, no weight being added, because nothing else offered having the same 
consignment; while, thirdly, the goods traffic on a railway is seldom equal in the two directions ; 
henee waggons have constantly to be sent back empty. There are, unfortunately, no statistics with 
respect to English railways which will enable a judgment to be formed of the effect of these causes, 
and a0 to approximate to the avernge luad of a waggon. For the railways of France, however, such 
statistics do exist, though not in a perfect form. From an analysis of these reports for the six 
grout railway systema of France by Ernest Marche, it has been found that, roughly speaking, one 
waggon in tive is running empty and the other four are loaded to rather less than half their carrying 
capacity. It is possible that English lines, on account of their much larger mineral traffic, would 
show more fuvournble results; but the difference probably would not be great. Looking at these 
facta, and remembering tuat the extra weight and cost of a 10-ton waggon ar entirely wasted when- 
ever ita load doca not exceed 8 tons, it would seem that the latter is probably the best figure to tako 
for purposes of general trafic. An exception may arise iu the cage of coal or ore waggons owned by 
pravale firms and used only for a single purpose. These are commonly loaded at the pits to their 
ull weight, and in such cases the shunting is so generally done by engine instead of by horse-power 
that the other evil is not so important. Taking, however, an ordinary § Waggon, such as 
railway companice use for general purposes, the case may be summed up by saying, that even if 
built for 10 tonsa it will rarely have more than 8 tons to carry, and that when it has, its cumbrous 
weight will be likely to cause troublo both at the beginning and at the end of its journey. 

“ Another question which arises in designing a waggons is, whother it is wise tu provide, as 
far as possible, special types of waggons for the various clasecs of traffic. This proposal has often 
been made, and it is certainly plausible at first sight. As has been pointed out, a heavy waggon 
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may receive, say at High Wycombe, a consignment of cane-bottoned chairs, to be delivered at 
Bristol ; and though built for 10 tons, will be thus travelling with a load amounting rf to a few 
hundred weight. Or again, the Great Western Railway forwards daily throughout the spring 
many trucks full of cauliflowers. grown in Cornwall, but destined for the London market. In these 
and all similar cases there is no doubt that special types of light waggons might be designed which 
would offer great advantages for the conveyance of these particular loads. But this course is open 
to two fatal objections. 

“Supposing the light waggon to have deposited its freight of chairs at Bristol. It has then 
to be sent back, and it is of course desirable that it should not go empty. But the goods going 
from Bristol towards London are not of a light character, and perhaps the only consignment offering 
is a ponderous casting, or some heavy barrels of sugar. There is then only the choice between 
sending the waggon back light, or loading it beyond its proper capacity. 

“ Whether loaded or not, the light waggon will have to travel as one of a long train of wargons, 
most or perhaps all of which are of a much heavier and stronger build than itself. In cases of 
accident, or in the ordinary events of shunting, starting, and stopping, the light waggon will bo 
much in the position of the earthenware pot in the fuble; it will meet with so much rough usage, 
will be so mauled and hammered by its neighbours, that ita life, under the most favourable 
circumstances, will be of short duration. 

“These two considerations seem fully to justify the course which has been taken by railway 
companies, both here and on the Continent, in reducing as far ag possible the number of classes of 
waggons. There must always, bowever, remain a considerable number of varieties to provide fur 
traftic to which ordinary waggons are unsuitable. The chief of these are covered for perishable 
roods, cattle, timber, coal and minernil, coke, platform for heavy masses, such ag boilers, refrizerator 
cars for the conveyance of fresh meat, fish, fruit, and the like, and some few other classes. But 
much may be dune to econemize even these; thus, cattle wagyzons may be used for coke, or at 
another time for light bulky articles, such as would generally be curried in covered waggons; 
boilers may be conveyed on timber wagyons, and so forth. 

“* Having then decided the most economical capacity for a goods waggon to be 8 tona, and that 
it shoul] never exceed 10 tous, while its form should be such as to render it as generally useful as 
possible; the next considcration is its design in detail; and for this purpose a waggon may be 
divided into the following parts, beginning from below ;— 

“Wheels und axles. Axle boxes. Springs. Uuderframe, axle guards, and conncctions. 
Draw gear. Buffers. Body. 

“Fig, 2031 is the type of wheels and axles commonly employed for ordinary freighter’s 
Wwaggons in England. The wheels consist of a cast-irun nave or busa, with wrought-iron spokes 
cast into it, and bent round to form a skeleton on which a stecl or weldless iron tire is shrunk 
and secared by rivets. The diameter of the axle is 5 in. in the wheel seat, and 5] in. just inside 
the wheel, thus forming a shouller; thence it tapers to 4} in. in the centre; while outside the 
wheel it is reduced to 34 in. for the journal, which is 7 in. long; and these dimensions do not vary 
much from those in use on the chief systems both at home and abroad. 

“The great diminution in size, both at the jonrnal and in the centre, is, at first sight, hard to 
account for, The axle may of course be considered as a beam, loaded at each end, in the journata, 
by the half weight of the track, and kept in equilibrium by the two upward pressures of the rails, 
passing throuch the wheels. It is thus ander the action of two equal “ind Opposite couples, in 
which the furce is half the weizht of the truck, and the arm is the distance between the centre of 
the journal and the centre of the boss. As the effect of such a couple is precisely the aame at every 
point of the axle, it would seem that the diameter should also be the same everywhere. But it 
must be obvieus that an axle is never endangered by the regular stutical load brought upon it: its 
fracture being always occasioned by some sudden shock, such as might be caused by a stune placed 
on one of the rails, when the whole axle will act, for the moment, as a beam fixed st one end aud 
receiving a blow at the other. This will of course produce its greatest effect at the fixed end, that 
is, in tuis case, close to the disturbed wheel; from thence the effect will diminish to its lowest 
value at the other, or undisturbed wheel. This is the reason of the reduced diamctor at the centre, 
the strain there being always lexs than at one or other of the wheels. The diminution is of course 
proportional to the moment of resistance, and thercfore to tho moment of inertia of the acction ; as 

this in a circle varies as the fourth power of the radius, the ratio of the dinmeter at the centre to 


that at the wheel seat shoul equal 4/4, or 0°84, a pruportion very near to that found in practice. 
The utility of this diminution has been questioned; but the above reasoning secma fully to demon. 
Htrate its theoreticn! soundness, while practically it effects a considerable saving in weight and cout. 
The same reasoning accounts for the well-known fart, that axles generally break just inside the wheel 
seat. This point is, in fact, that at which the cantil-ver is fixed, consilering the axle as such, and 
therefore that at which the intensity of strain is greatest. It iaobviously desirable to avoid anything 
which may tend tu weaken the section at thia point. On some railways it is the practice to have e 
shoulder about 1 in. deep on the axle, just inside the wheel, to prevent the latter from working 
inwards, but the great tightveas with which wheels are now fastened to their axles, seems to render 
this unnecessary, and, in fact, on many lines it ia dispensed with altogether; in any case, the 
difference between the first and the finishing cut of the lathe used in tarning down the axle would 
seem to be amply sufficient. Anything more than this is objectionable, from the well-known fact 
that an abrupt change of section, in any pioce subjected to impulsive strains, has a marked tendency 
to produce fracture. 

“The greatly dimiuished size which may be given to the journal is also mainly due to the fact 
above noticed, namely, that it is a blow delivered by one rail which produccs the most violent 
strain on un axle: another cause, however, which uo doubt comes in to assiat the journal, is the 
operation of the bearing spring, through which the weight is tranamitted. When a wheel pesseos 
Over an inequality, the weight of the truck must of course come heavily down upon the journal ; 
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but the effect is taken off by the yielding of the bearing spring, and changed from a violent blow 
into a gradual pressure. This leads to the inquiry whether the shock to the wheel seat might not 
be, to some extent, ‘cushioned’ in a similar manner. This clearly implies the giving of a certain 
amount of elasticity to the wheel itself; and this has apparently been accomplished in the wooden 
wheel system, now so frequently used, especially for carriages. The space between the boss and 
the tire is here filled up by a series of hard w blocks, set endwise to the fibres, and secured both 
at the boss and the tire by rings of plate iron. This system has been in use on the London and 
South-Western Railway for thirty ycars. The wood used in the first wheels was teak, which was 
saturated with oil and white-lead by a process similar to creosoting, that is, by placing the blucks in 
® receiver, first cxhausting the air to remove the sap, and then forcing in the oil and lead under a 
pressure of 90 Ib. to the sq. in. Some of these wheels have lately been taken off and cut down to 
a emaller diamcter; the wood being found to be perfectly sound. The breaking of an axle has 
never been known to take place with these wooden wheels, a result which can only be due to the 
elasticity they possess. These wheels are lighter than ordinary iron wheels, the total difference 
being as much as 3 cwt. per pair; and their first cost ig not much greater. The tires rest directly 
on the wood, so that no skeleton is required, and are secured by some kind of clip fastening and not 
by rivets. 

a In the sharpest possible contrast to these clastic wooden wheels, is the chilled cast-iron wheel 
so much in vogue in America. The merits of this wheel have often been discussed ; aud ita exces- 
sive rigidity would certainly seem to form a great objection to it; though this would appear not to 
have been felt in the States, where the permanent way is often of the roughest description. Possibly 
the curve which is usually given to the section between the boss and tire, in order to allow for con- 
traction, may give to the wheel, when in use, a certain degrec of elasticity. 

** Before leaving the subject of wheels and axles, it should be noted that one important point to 
be aimed at is the prevention of the wear of the journals. The skeleton and boss of a wheel, and the 
whole length of the axle, are practically subject to no wear and tear whatever; and though tires 
weur out, they can eusily be renewed. Thue the life of a pair of wheels would be indefinite were 
it not that the journals wear down, and the wheels are then useless. An obvious remedy is to 
‘bush’ them with brass or white metal; but as obvious an objection is, that the arm at which the 
bearing friction acts would thereby be inercased. Another device would be to make the journals 
in separate pieces and screw them into the ends of the axles; but there might then be fear of their 
working loose. This point is one which would seem worthy of attention. 

“The next part of the waggon to be considered is the axle boxes, involving the important 
question, whether oil or grease should be ee as a lubricant. At present oil ia universal 
in hot climutes, is general in mane and in the United States, and is largely used in England 
by railway companies; but grease is almost the only lubricant used for private waggons. The 
advantages of thie lutter are ita cheapness and facility of application. The real ground of its use is 
probably the much greater cost of an oil axle-box. The advantages claimed for the oi] axle-box 
would seem to outweigh this difference in prime cost. Thesc are ;—The quantity of the lubricant 
used ia so much smaller that it needs to be renewed very seldom, Should the supply run short, 
the box heats, not suddenly, like a grease box, but gradually, tuking two or three days to arrive 
at a dangerous temperature; this of course increases the chance of its being diseovered in time. 
There seems to be no doubt that the friction resistance is decidedly smaller with oil than with 
grease, a point of vital importanee. ‘The general result of a serics of experiments on the London 
and South-Western Kailway was, that with vil the resistance to traction of a waggon in motion was 
only 3 lb, a ton, whilst with grease it was about 9% Ib.; on the other hand, the resistance of a 
waggon at reet to being sturted was somewhat greater with oil than with grease, but the difference 
was not large, 15 lb. and 13 Ib. a ton respectively. 

“With regard to axle guards, the WJ-shape, now universal, probably admits of no improvement. 
The thickness of the iron, 3 in., is also fixed by general consent. The width, however, is generally 
excessive; on many railways 34 in. being atill the minimum. It is believed that, where the iron is, 
as it ought to be, first-rate, a width of 24 in. is ample, even for the crowns, and that for the wings 
2} in. is sufficient. It must be remembered that both the pulling and the buffing strains are trans- 
mitted through the body of the waggon ; consequently the stress thrown on the guards by sudden 
stopping or atarting is only that dus to the momentum of the wheels and axle, weighing together 
about 14 cwt. Thia can never be vory great; and, even with the moderate width used by some 
railways, the fracture of an axle guard is almost unknown. 

“The spring adopted by the Highland Railway Company is flat and long, like a carriage spring, 
consisting of nine plates 3} in. by 3 in. ; the uppermost 3 ft Gin. in length. On other lines the 
plates have a decided camber; their width varyinz from 4 in. on the Caledonian to 3 in. on the 
Great Western, and whilst in the former case they ure ten in number, cach 3 in. thick, in the 
latter there are two plates 3 in., and fuurteen plates 4, in. A much lighter spring is that used 
on the Cambrian railway. which consists of ten plates 3 in. by 2 in., and one plate 3 in. by $ in. 
Probably a simpler form even than this would suffice. In a waggon great flexibility is not neovs- 
sary; and strength is best consulted by making the plates few and thick ; since in a laminated 
body the svveral parts act almost independently, and the sum of their strength gives the real 
strength of the whole. Hence, us the strength of a beam varies as the aquare of its depth, six 
plates } in. thick will more than equal ten plates of 3 in. thick; and it would seem that a spring 
consisting of only scven plates 3 in. by 4 in. would have sufficient strength, and probably also 
sufficient clasticity. Such springs would not weigh above 2 cwt. 2 qrs. a set, in comparison with 
4 owt. 2qrs. 20 Ib., the weight of the Great Westorn springs. 

“In Fig. 2082 is shown the plan of an ordinary oak underframe for an 8-ton waggon. The 
diagonals should always incline from the centre towards the buffers, and not, as sometimes seen, 
from the ends of the middle bearers towards the draw-bar. In the later case they give uo 
assistance against the pull of the draw- , because they cannot act aa ties; in the former 
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they are able to assume their proper function as struts, and thus help to support the ‘ buffing’ 
strains. This difficulty as to ties constitutes, in fact, the chief disadvantage in wooden structures. 
In an underframe it compels the use of wrought-iron tie-rods both along and across the frame. 
Looking at this, an underframe of combined wood and irun would seem desirable, in which angle or 
T irons should act both as supports and ties; but such combinations are rarely succesaful. Carrying 
the same idea stil] farther, many engineers have built underframes wholly of iron, but the advantage 
of this is more than doubtful. For on comparing the properties of American oak and wrought iron, 
as given in Rankine’s ‘ Rules and Tables,’ it will be found that the following is approximately true ;— 
a bar of iron in comparison with an exactly similar bar of oak has five times the strength to resist 
tearing, six times the strength to rm sist crushing, and four times the strength to resist cross-breaking ; 
but, on the other hand, it has ten times the weight and twelve times the value. Hence to have, say, 
a sole-bar in iron of the same strength as one in oak, one-sixth the scantliug must be given ; but in 
that case it would weigh 66 per cent., and cost 100 per cent. more than ita rival. This result is 
completely borne out in practice. The weight of the oak underframe shown is about 12 cwt., 
including tie-rods. But an iron underframe of the same general character and size, if made with 
the usual dimensions, would weigh about 16 cwt. Against this there seems anly one point to 
urge in favour of iron, and that is its great durability. But this may easily be bought too dear, 
In the tirst place, waggons get out of date. But apart from this, the ordinary life of a waggon is 
so hazardous, exposed to so many natural and unnatural shocks, that its average duration is much 
below what would be due to the ordinary processes of decay. On this point, us might be expected, 
opinions differ much, and statistica are hard to obtain. The enginecr of one important railway 
states that the number of waggons destroyed by accident is so small as not to be worth considera- 
tion. The engineer of another line, equally important, says, that on an average wagygons will 
not run above twelve years before coming to a vielent end. Probably the truth lies between the 
two. At any rate, there mems good reason to conclude that durability is by no means the most 
important point in designing such a structure as a railway waggon ; and, in fact, so fully has this 
been realized by some leading authorities, that on the vast system of the Midland Railway, for 
example, iron underframes are completely unknown. 

* Another point remains for consideration, namely, the seantling to be given to the headstocka, 
sole-bars, and middle-bearers. In the waggon shown these are all 12 in. by 5 in., and this is the 
scantling fixed by most of the Icading railway companics for private waygons; but at the same 
time dimensions much below these are knuwn. These dimensions may be necessary for the sole- 
bars and headstocks, as it is these which have to bear the chief strains, but for the middlebearers 
they would seem excessive, The reason for strengthening these is, no doubt, the fact that with 
ordinary draw-gcar, the whole strain of traction is brought upon them; but with continuous draw- 
gear this is not the case, and then these middle-bearers, capecially if the bottom planks min across, 
not along the frame, have but little todo. In any case, the model wargon may be assumed to have 
sole-bars and headstocks of 11 in. by 4§ in. scantling, and middle-bearers and diagonals of TE in. 
by 3 in. 

ae The draw-gear, Fiz. 2034. employed for wagyona consists of a hook at each end of the truck, 
with a shackle and chain attached to it. This hovk is welded on to the end of a bar, 1 in, reund 
in general, which passes through the headstuck and generully also through the middle-bearer, and 
is nade te bear against the latter by means of a nut and indiarubber washers. An improvement 
on this is the continuous draw-gear, Which cons:ets in uniting together the inner enda of the two 
draw-bars, su thut they form one system, and the traction is obtained by the draw-hook in rear of 
the truck bearing acuinst its headstock. It is clear that in the. firat cnse the body of the truck forme 
itself a link in the chain of traction, and the whole resistance of the hinder part of the train is transa- 
m tted through it asa tensile strain. In the continnvus system, on the other hand, the draw-bars 
form the chein, independently of the waggons, and the whole atruin on any one of the latter is that 
due to its own resistance to traction conveyed in the form of pressure whieh it is best adapted to 
resist. The disadvantage of the continuous system is its great weight and expene:. The beavy 
draw-bars, extending the whole length of the truck, do not add to its strength in the slightest 
degree, and the cradle, or intermediate piere which connects the draw-bar together is always 
cumbersome and costly. In view of this, a syatem of continuous draw-gear, Fig. 2034, has bee 
designed. The indiarabbers are there contained in a wrouyht-iron case fixed upon the onteide of 
the headstoek ; and the strain is tranamitted through fonr _ ' 
Tein. rods, which at the same time act as the longitudinal 
ties of the anderframe. The draw-hook terminates in a 
ehort shank, which pases through the headstuck to grt 
an instle bearing. The advantages aimed at are ;—A 
saving in Weight and cost, since the ordinary tic-rods sre 
dispensed with. The avoidance of a weld in the drawebuar, 
hence the risk which alwoys uttends a welded piece is 
absent. The indiarubbers are outaule the truck, and more 
casily accessible when required. ‘he strain is (_. _._---.. - 
through four rods ee of one; and should one of these happen to be of inferior quality and give 
way, the other three would probably hold, at any rate till chs waggon reached some place where 
the failure would be observed. 

* Before leaving the subject of draw-bars, a word may be said upon safety chains. These, which 
were once in general use, have been mostly abandoned, for it hes been fownd that if « draw-bar 
breaks, thie safety chains also inevitably break under the shock brought on them by the separating 
train. This, in fact, has so often been the case that their discontinuance is net to be wondered at ; 
indeed, im more than one instance they bave done actual harm by one «of them holding while the 
other gave way, and thus getting the waggon across the linc. 

* There would seem to be a growing inclination to abandon spring buffers, at least in miveral 





ROLLING STOCK. 1025 


waggons ; and this tendency, once begun, is likely to increase, since a waggon with spring-buffers 
laced in a train of others having ‘deud’ buffers only, is sure to fare badly. The Midland 
ailway, however, and also the Great Western now build their waggons witha buffer system similar 
to that used for carriages. The buffer heads are attached to long rods, which bear against the two 
ends of a large laminated spring laid horizontally across the anderteamne outside the middle-bearer. 
The draw-bar is widened out, and a slut made in it, through which this spring passes, so that it 
acts against the traction as well as against the butting strains. 
“The outside dimensions of the body are, in gencral, left to the judgment of the builder. 
Tho Taff Vale Railway, however, specify that the capacity shall be between 240 and 245 cubic ft., 
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and that the wheel base shall not be more than 5 ft. 6 in. This necessitates an exceedingly ahort 
and deep waggon. Onother lines the wheel base is generally specified to be about & feet, and the 
length, especially in the Nerth of England, is at least 15 ft.. and often 14 ft. or upwards. The 
Taff Vale type, though perhaps exaggerated, representa much more nearly what should be aimed 
at; the advantages of short waggons being manifold. In the first place, they effect a considcrable 
suving in weight and cost. The sheeting is of course nearly the same in any case. if the cubic 
contents are the sume; but the ecle bara, side rails, and diugenals are shortened, and go are the 
draw-bars, capping irons, and Jongitudinal tic-rods. Secondly, short trucks are handier in them- 
velyea, and require emaller turntables. Thirdly, they make up into shorter and handicr trains. 
This Inst ie an advantage of great importance 

when the enormous length of goods trains at the 2036. 

present day is considered, and also that such a ‘ 
train has usnally to move its whole length twice, } ft 


first past the points and then over them.in order 4 @ 
to get into a siding. Fourthly, a short truck ¢ © 
cannot fail, as a long truck often doex, by the ¢ “@ 
hogging of the sole-bara, Supposing a sole-bar - 
to be uniformly loaded, and supported on axles ( ie 
8 ft. apart, it should not overhunz more than |} 

2 ft. 10 in. at each end if the strain over the § .° 
bearings is not to be greater than that at the ‘ as 
centre; but considering the weight of the head- «a 
stock, buffers, sheeting, &e., which are placed at 
the oxtreme end of the sole-ber, it would seem oe 
that 2 ft. 3 in. is a more fitting limit. | This plied 


would give a length of 12 ft.6 in.; and this, 
with a width of about 7 ft. Gin. and a depth of | 
about 2 ft. 9 in., will form the most suitabie $f] 4 
body for an &ton waggon. If there are neend ff, | 
doors, the two end planks may be curved witha... 
rige of 5 in., and then the depth of the sides 
need not exoved 2 ft. Gin. 

“The thickness of the planking has also to be 
considered. In gencral that of the bottem is 
21 in., and that of the sides cither 24 in. or 3 in. 
The top cdye is protested by a capping irou or flat bar; but this har being simply screwed down to 
the top plank, dves not add to the strength of the waggon in any way. It would, therefore, appear 
feasible to transform this into a light angle iron, say 2 in. by 2 in. by 3 in. which should be let 
into the top plank throughout its length, and belted at each end to the corner plates, and also to 
the inside kneos wherevor they occur. There would thus be formed a sort of light wrought-iron 
frame for the body, which would materially strengthen it, and the thickness of planking might 
then be reduced to 2 in., or even less.” rn 

U 
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Fig. 2030 is a side elevation, Fig. 2031 an end elevation, and Fig. 2032 a plan of an ordinary 
8-ton coal waggon, as built by the Bridgewater Engineering Company, tov run on the lines of the 
Great Western Railway Company. The underframe of this waggon is entirely of oak, the sole-bars, 
headstocks, and middle-bearers being all 12 in. by 5 in., and the diagonals ll in. by 3 in. The 
wheels, Fig. 2033, ure 3 ft. in diameter, with eight pairs of wrought-iron spokes, and weldless iron 
or Bessemer stecl] tires, 5 in. by 2 in., secured tu the skeleton by rivete. The axles aro 5 in. 
diameter within the boss, and 4} in. diameter at the centre, the journals being 7 in. by 34 in. The 
hearing springs are 3 ft. 3 in. long by 3 in. wide, and consist of twelve plates cach 3 in. thick, and 
one plate } in. thick. Its tare weight is about 4 tons 7 cwt. ; 

Fig. 2035 is a side elevation, and Fig. 2036 un end elevation of a 10-ton goods waggon, with 
one end and side doors, constructed by the above company; the plan of the underframing and 
the general construction being similar to that of the 8-ton waggon above described. a 

In Figs. 2037 to 2039 is shown an iron coal waggon constructed by the Société Général 
d’ Exploitation de Chemins de Fer, Tubize, Belgium; Fig. 2037 is a side elevation, Fig. 2038, a 
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half end elevation and half cross section, and Fig. 2030 is a half plan of wagyon and half plan of 
underframing., This waygon is fitt-d with side doors; and is constructed wholly of iron, with the 
exreptios of the flour, which is of wood. 

Its principal dimensions are ;— 


ft. in fr. in, 
Depth of underframe «www wk Width of bod ae x 4h 
Width —,, om ae tes, 92 ty Height of bealy inside at centre 3.48 
» Of channel trons forming o re sides 2 9b 
underframe .. 0 -. 6. ww we OY Thickness of bottom plankings G0 2 
Width of centre channel iron w O83 Width of doors... .. 00... 411 
Diagonals.. .. 0 .. 12 in. by 7 in. Diameter of wheela—about .. 3 24 
Middle bearers -. 2éin. by Zin. Width of tira... 0.0000. 4. 6.) 06 6G oR 
Distance between centres of buffers 5° && Distance between centres of wheels 9 104 
Diameter of buffera.. 0.000. 06. od 2? ‘ i » journals 6 32 
Height of centre of buffers above Length of journals ..  «« OO 6f 
mails... ww ww we we 8G Diameter of journals 6. www. OS 
Di-tance between centres of safety oe at back of journsls es 0 4 
chaims .. 06. ow. wk we COG = of wheel seat... .. w. OO a 
Length of body 6. ww ww we OK OY és at back of wheel mat .. 0 54 


An improved construction of hopper, coal, or mineral waggon, by R. Morton, of Newton Heath, 
Manchester, is shown in Figs. 2040 to 2042; Fig. 2040 is partly a side elevation and partly a 
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longitudinal section, Fig. 2041 partly a cross section and partly an end elevation, and Fig. 2042 
a plan of waggon and framing. ‘The object of this invention is to enable the bottom doors of 
hopper, coal, and other railway waggons, to be opened or closed simultaneously, without the 
attendant having to go bencath the waggon, or from one side to the other, as hitherto practised ; 
and the means by which this is accomplished will be readily understood from the drawings and the 
following description. A is the body portion of the waggon, and B the hopper, at the bottom of 
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which and opening downwards are the double doors C, hinged to the sole-bar C’ in the ordinary 
manner, and both closing against the one common central or longitudinal bar C’. These doors 
have imparted to them, by means of the chains D, a constant tendency to close; the chains D being 
connected to their hinges D’, and passiug over the rollers rand pulleys 7, and having counter- 
balance weights attached to their extremities. A shaft E is mounted transversely across the 
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undor side of the waggon, and to each end of this shaft is keyed an actuating lever F, 80 as to 
cnable such shaft to be worked from either sid« of the line of rails. On the shaft E is an 
arm G, which is connected by a link H to a forked lever I mounted on a bolt J passing through the 
underneath longitudinal bar KK. The short arms I’ of the lever Dare designed to bold both the 
doors © in the closed position, as will be seen by reference to Fig. 2041. In order to fasten the 
doors C in cither the closed or open position, a suitable drop catch L ia applied on either side of 
the waggon, such catches being secured at opposite extremities of a shaft M passing through the 
frarnework from one side of the waggon to the other, these cutehes L being each provided with a 
alot to catch on to one or the other of the two shorter arms F’ of the actuating lever F, according 
as to whether it ia desired to retain the doors C in the open or closed position. 

Assuming that the doors C are closed, as shown in the drawings, and it is desired to open them, 
all that ia requisite is for the attendant to lift the drop catch L by means of its handle L’, and 
then to pull the actuating lever F on one side, until the drop catch falls on to the other shorter 
arm EF’ of the actuating lever F, when the doors C will immediately open by reason of the weight 
of the materiala lying upon them, and thus the contents of the waggon will be discharged. In 
order to secure the doors C remaining open meanwhile, and to countemmct the closing tendency 


imparted by the weights W, a length of chain N, is attached to cach of the doors, we sid chain 
av 2 
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being provided with a ring O capable of being hooked on toa hook R, secured to the framework 
of the waggon. The waggon having been thus empticd, the ring O is removed from its hook, 
when the balance weights W will be free to close the doors, and the same may be locked in the 
closed position by once more releasing the drop catch L, and allowing it to grip the other shorter 
arm FE’ of the actuating lever F. And all of these movements can be regulated from either side 
of the waggon, without the attendant having to pass cither under the waggon or from one side to 
the other, whereby tho safety of the attendant when discharging these trucks is greatly increased. 





A midification of this invention, to enable the bottom doors of railway waggens to be opened 
and closed simultaneously from cither side of the waggon, consists in the shaft E being provided 
with a pair of arins, one for each door, the extremities of which arms are designed to move alony 
the outside of the bottom doors, and thus not only to raise and close the same, but to hold them in 
the closed position, this modification being however only applicable to waggons with small doors, 
and which are sufficiently light in weight to be lifted by one man. 

In Fig. 2043 is shown a longitudinal section of another construction of coal or mineral wagon, 
by Simon Leach, of Chorley, Lancaster, which may be used cither as an ordinary vertical-sided 
waggen With a carrying capacity of 10 tons, ur us uu S-tou hopper waggou. 


2043, 
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iq Waggon is constructed with fixed vertical sides A in the usual manne r, the underframe 
provided with four cron bearers BL The upper and lower party ooly af the ends C are 
fixtures, the central part of cach end being formed inte a binged Hap ©’. The central portion BF of 
the bottom, between the two central cross bearers B, in mule with either one or two doors to open 
downwards for discharging the conte nts, a8 in the ordinary hopper waggen, The end portions are 
each male of two picces Fan dG, hinged tovethber, the inner ptoce F of each being also hinged to one 
of the inner cross beurers B, so that it ean be lifted Up 60 as to forin & portion of the aloping end of 
the hopper, asx shown at the right hand of the nyure, the other piece G, hinged thereto, Forinitit, 
as it were, a strat or support tu keep it in this position, a hook and staple, or bolt, being pro- 
vided to hold it firmly. The continuation of the slope to the end of the wagson in made by 
the portion Co of the end, which is hinged at its upper eile to the vertieal ond C, and is so 
arrenved that, when rised, it can rest on the hinge picce G, forming the strut or support, and it 
Will then form, with the pitce F, a continuous slope from the buttom to the Upper part of the end 
of the Waygon, so a8 to assume the form of a bopper wasgon. 
When the waggon ix to be used as an ordinary sertionLended Waggon, the end flaps C’ are 
allowed to hang down vertically, and, the hook bemg resmeved from the staple, the hinged parte F 
and G, of the Lottom fall down flat and level with the contral dure E; the ends are theu 
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oon! as shown at the left hand of the figure, and the bottom is horizontal and level from end 
end, 


A covered goods bias dive Figs. 2044 to 2046, of a very useful type, is one which, with slight 
modifications, is very largely in use on continental lines. This waggon waa constructed by 


the Railway Rolling Stock Construction Company, Breslau, ani is intended to carry a luad of 





10 tons, the weight of the waggon when empty being 6 tons 8 ewt., equal to a load of 1 ton 
1i-2oewt. a tou of dead weight, or a dead weight of 12°8 cwt.a ton. Fig. 2044 is a half side 
elevation and half longitudinal section; Fig. 2065 a half end elevation and half cross section ; 
and Fig. 2046 a quarter plan of roof, a quarter plan of flooring, aud a half plan of framing. 

The principal dimensions are ;— 


ft. in | ft. in. 
Length onteido .. 0. ww we we 28 OTR Distance between centres of sule 

ge BIO 46. 4s se: ae. we 1d. abe SG plates ee ee ee ee ee a 

». over buffers... ..00.. «© 27 23 ©) Diameter of wheels ig. ee ha 3° «25 

Width outside ..00 2.006. we ee RY Wheelbase 6. ww we eee dS 
« ineide .. -. «2 2s oF 8 48 Bole plates . 932 in. by 33 in. 
Height inside atcentre .. 0... 6. 060674 Headstecks =... 93 in. by 83 in. 
‘. » sides .. oo. ©6611 Longitudinals and transverse 
» of doorways .. 0.006. 0-6 OR bearers .. 00... Sf in. by 2} in. 
Width ad 4611 Diagonals .. .. 2 in. by 2 in. 


Heizht of centres of buffers above raila 3 5} 


The underframe of this waggon is entirely of iron, the soles being formed of I irons, the head- 
stocks, Jongitudinala, and transverse bearers of channel section, and the diagonals of angle tron: 
the manner in which the various parts of the framing are connceeted by gusset picces, being clearly 
shown in the plan, Fig. 2046. The wheels are solid Krupp steel dises, and the horn plates Lave 
rubbing pieces riveted to them to fit the axle boxes, a plan 
cominon in contineutal practice. The draw-bar is continuous 2045. 
with a volute draw-spring, and the buffers are outside, with 
volute aprings contained in wrought-iron skeleton cases. The 
body is carried at the s'des by wrought-iron brackets, riveted 
to the outer sides of the soles; and the framing, which is 
of onk, is light bat sto! The side and corner pillars are 
about 6 in. by Lo} in. and the dingonala are of the same 
reantling. The fleoring is of 2 in. planking Iaid  trans- 
versely aud Iap-plated, while the side planking is of T-in. 
beards, tongued and grooved, and fixed outside the } Mars. 
The end planking, which is ulso tengued aud grooved, is 
placed inside the pillara, and is 1% in. thick for about half 
the height of the waggon, and 1] in. thick for the reniainder., 
There is no transverse framing at the bottoms of the cnds 
of the body, but the end pillars are cach held at the bottonr by 
a strap riveted to the upper flange of the headstock, and by 
a bolt passing throngh a corner kneo which is also riveted to 
the headstock. At their upper ends the ond pillars are bolted 
to the outer side of the arch rail instead of being frained into 
the latter, as ia the usunl practice in this country. The ends 
are stiffencd transverscly by diagonals, placed inside the 
planking and extending from the corner pillara, at a little 
below tlhe middle of their height, to the floor, at about a third of the width of the waggon from the 
sides, ns in the cross section, Fiz. 2085. The aliding deors, on cach side of the waggon, ure 
earried by rollers, running on suitable rails, which are supported by the wrought-iron brackets 
above referred to. 
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In Figs. 2047 to 2050 iz an improved railway waggon, with a movable platform, to fucilitute the 
loading and unloading of loaded vehicles, by Henri Entz, France. Fig. 2047 is ono of those plat- 
form waggons in elevation, closed on the left side, and open in vertical section through the longi- 
tudinal axis on the right. Fig. 2048 is a cross section, the waggon being open. Fig. 2049 a plun 
of different parts of the waggon; A is a plan of the frame of the jurniable, the waggon being 


2046. 
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open; Ba plan showing the waggon closed; Ca plan of the underframe ; and D a plan with the 
turntable removed; and Fig. 2050 is a cross section of the wagyon closed. In Fiz. 2047 the 
Wagyvon is loaded with an army stures roud-carriage, and in Fig. 2048 it is discharging the 
KAM. 

It will be seen from the drawings that the usual wood work is unaltered, the planks « ulone being 
cut for access to the platform, which tums at the centre upon an axis 4. The platform p is of wood, 
it> floor being level with that of the waggon; it iz monnted on u special frame, furnished with a 
circular iron heap ¢ which turps upen a line of rollers d, which are supported by the waggon frame. 
As the diameter of this platform is superior to the breadth of the waggon, the former is cut on four 
sides, the said sides being, two and two, parnilel and at right angles to cach other. Two of these 
sides are furnished with wooden pieces 7) whose dimensions are sufficient to fll up the spaces made 
in exch of the side planks, and these pieces f form the continuation of the suid side planks when 
the waggon is closed. The other two sides, at right angles to the first, leave a space in the middle 
of the fluor, which is filled up by plates of sheet iren tixed by hinges cither to the floor of the 
Wuggon or to that of the platform. These latter sides are also furnished with holes and irous ¢ for 
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hooking on the ladders, or other equivalents, for running the loaded vebicleson and off the waggeon 
In the tides of the platform are hocks 1, in which the enda of the rotlers q, which guide the drawing 
rope 4, are placed; this rope is coil d or let out by means of a drum A, which is placed either on 
the right or left of the waggun, as the case may require, and is supported by the hooks 7, which are 
bolted beneath the body of the waggon. As shown in Fig. 2018, the drum A delivers the rope 4, oF 
winds tt, according as the vehicle is being loaded or unleaded, and before fastening to the curria 

this rope passes over one of the rollers yg. The drum his intended to be actuated b means ota 


rachet lever, as pemg the moet simple arranger ; 
, stpent; bu : 
employed if preferred. i 5 ; but any other form of windlaw may be 
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The waggon is opened to receive or discharge the loaded vehicle by giving a quarter turn to the 
platform, and it is closed by giving a further quarter turn, or by returning it to its former 
position; which latter movement brings the vehicle into a position parallel with the line. The 
advantages claimed for this waggon are as follows. By its use the time and labour expended in 
loading or unloading railway waggons with road carriages are greatly reduced, as the loading or 












Ld 
0 ae CS (A be! 
9 AIEL PENAL ENIOMIGIA LI TADL ENN BEAD CLSETILIAME AAAI OLIIFELIENES (FFF 
\ oom a 


aan —— rs ae ye : ; “Saas oz 
er saat + AE ON i ie, ern ry $ : Ros a SF ? o 


“ 


unloading can be carried on at any part of tbe line, without its being necessary to shift the waggon 
toa speci) part of the line in the manner vow adopted ; also, as cach Waggon contains a turntable 
in itself, the labour of turing the waggon bodily, as is now so often necessary, will be altogether 
waved, A second advantage ix, that in industrial works and factories, when this system is adopted, 
the wagons can be loaded with merehandise, by the aid of a windlass, in the manner Fig. 2048, 
Without the necesaty of providing quays or platforms for the purpose; and by these means 


2049. 
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the goods can bo conveyed direct to their destination without unloading, thus saving time and 
preventing damage. Again, when it is necessary to convey the stores, baggage, provisions, or guns, 
ofan army by mil, the same ean be very quickly removed from or placed on the wazgons, either at 
a station or at any other part of the line; the whole train of wazgons being loaded or unloaded 
simultaneously, there being no necessity to bring them alongside any quay or platform. 

One preat item of losa experienced by railway companies, in connection with the goods traffic, 
arises from the damage which ia sustained by waggon sheets under the general method of employing 
them, and the consequent loss which arises under the head of compensation for damaged goods, the 
loss under these two heads amounting to severa) thousand pounds a year to each of our principal 
railway companies. It is, therefore, certain that any simple and efficient apparatus, which is 
capable of reducing the wear and tear of waggon sheets to a minimum, while at the same time 
effectually preventing the damage of the goods by wet or other causes, is sure to be Welcomed by 
the managers of railway gooda departments, and to reecive a fair trial. 

The principal cause of the undue wear and tear of waggon esheets consists in the manner of their 
eniployment. With the ordinary flat waggon it is usual to stretch the cover tightly across from side 
to side, and from end ty ead, the principal tying being done at the corners; and, therefore, unless 
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the goods in the waggon are of such a form that they give support to the sheet, the latter sag s 
towards the contre from every direction, and in wet weather forms a water tank if the sheet be good, 
or simply directs the water on to the goods if the cloth be bad; while, if the sheet be good, it is 
soon destroyed by the strain at the corners due to the weight of the water, or even of the sheet itself. 
Sheets are also frequently damaged in the central fparts by their sagging down on to goods of a 
rough character, and are often torn in pulling them over the corners, or off one side of the truck for 
unloading. Principally to secure a means of support for the sheets many wagyons are mado with 
gable ends,a pole being placed from gable to gable over the goods. The waggons, however, in this 
way are made more expensive, while the pole is very often not used. 

Walker's waggon sheet protector, Figs. 2051 to 2055, is one of the most simplo and efficient 
that could be devised. A waggon fitted with this apparatus, Fig. 2051, has ono half covered 
with the sheet; Fig. 2052 shows au end elevution of the waggon covered ; Fig. 2053, the waggon 


2051. 












8 9 ® e 
ce) 38 ® e 
® : e 
“OI a * 


with the supports lowered and the chain placed in the box E provided for that purpose; and 
Figs. 2054 and 2055 show the supports and chain to an enlarged seale. The support (, Fig. 2054, 
consists simply of a bar of flat iron, bent round into a flat link, the upper end carrying 8 pin, to which 
the chain A is fastencd by one of the long links upon which the wood balla Bo are threaded. This 
support is held loosely in the staple pieces D, fixed by means of n bolt which passes through it and the 
support; a second bolt, fitted with a hand nut, beng placed below the staples and by means of this 
bolt the support is fastened at auy desired vertical height. To stretch the chain across the waggon, 
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the support to which the chain is permaucntly fustened is fixed hy the hand screw; the chain is 
then carricd across to the other end of the waggon and booked to the other aupport while the latter 
in le, and capable of canting inwards, as indicated by the dotted pertion at the aneovcred end of 
Fig. 2051. As soon as the chain is hooked on, the hand screw is tightened up, and the chain thus 
streteLed tight. Phe sheet may then be thrown over and fastened. The fastening does not require 
tu be co tight as is uaual, as there ia no opportunity for the cloth to sag, and as it may move toe 

tight extent, and without injury, by rolling over the wooden balla B. 
Ancther eimple apparatus of the same description is Ward's, Figs. 2056 and 2057; Fig. 2056 
p, and Fig. 2057 au end elevation, of an ordinary goods waggon fitted with this 


ROLLING STOCK. 1033 


apparatus, and its construction and mode of action will be readily understood from the following 
description. This apparatus consists of a novel arrangement of bows for the purpose of forming a 
tilt, upon which the waggon shect may rest in a sloping position, the said bows being so constructed 
as to fold back, over or beyond the ends of the respective trucks, when not required for the purpose 
described. The radial arms A of the bows A' are hinged or pivoted at the side of the waggon, 
as shown at LB, the said arms being 
clbowed at D. When these bows are 
required to support the waggon sheet, ; 
they are placed in position across the | 
wargon, as shown at A’, Figs. 2056, 
2057: but when the sheet has been re- 
moved, and the whole clearway of the 
waggon top is required for loading or 
other purposes, the said bows, being froa 
to revolve upon the pivots or axes at B, 
Fig 2056, arc turned upon the pivots 
towards the end of the waggon until 
they fall beyond it, as at C, the bows 
being supported in either position by the 
hooks 5. 

Anwrican Rolling Stock.—-The rolling 
stock employed on the lines of the United 
States differs considerably, in many im- 
portant points, from that of Enelish and 
of continental lines. In the first place 
rigid wheels and axles aro scareely ever employed, the vehicles, whether for passengers or goods, 


being carried on four or rix-whceled boyie trucks; the latter being specially employed for beavy 
sleeping and drawing-room, or as they 


ure called in the States, parlour, cars ; 
and it is generally conceded that the 
cars and waggons so mounted are 
steadier and smoother in their running 
thun those otherwise mounted; and 
this opinion is grining in England, as 
bogie earriages have during the lust 
few years largely increased in number. 
A scoond great difference is in the 
internal arrangements of the passenger 
cans; all of these, whether day or 
sleeping cars, being arranged with a 
central longitudinal passage, which 
by means of the end plattorma, the 
cars being always close coupled, affords 
a means of communication and circu- 
lation throughout the whole length of 
the train. This, though obviously 
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posa ssiug many advantages, is, howover, an arrangement whicl: is not likely to meet with general 
favour in Europe, ag it would do away with all that semi-privacy which has hitherto been enjoyed 
when travelling, and which by a majority is preferred, oven to,the slightly more public saloon 
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carriage. A great disadvantage possessed by this central passage arrangement is, that the only 
dovrs being at the ends, and the only means of egress being by these doors and the end platforms, 
& passenger on arriving at his destination may have to traverse half the length of the carriago 
before being able to alight. Another great difference is in the size of the carriages, the American 
passenger cars being all considerably longer and higher, a passenger car seating from fifty to sixty 
passengers; and the goods waggons being also nine 
much larger; the proportion of dead weight to peseae Bees cs 
mying load being much higher in both cases than ieee, oa ee "og 
in England. Great advances have, however, been rae a’ The 
made in this respect during the list few years in . 
the matter of goods waggons, as shown in the = 
report lately issued by the Western Weighing 
Associntion. From this report it appears that 
during six weeks nearly 50,000 cars were weighed, 
and while the average of the different classes of 
freight ranged from 23,750 Ib. fur machinery to 
29,925 Ib. for ore, the maximum in nearly all 
cases excecded 30,000 Ib, and for some classes 
of freight reached, respectively, as high as 
35,000 lb., 37,750 Ib., 30,300 Ib., 39,600 Ib., and 
even, in the case of ore, to the great weight of 
48,500 Ib., or nearly 22 tonsa. The average weight 
for the whole being about 12 tons a car, as 
ugainst 10 tons, which was the maximum lead but 
u few years ago. 

The internal fittings of a first-class American 
ear are good, but inexpensive. A large amount 
of admirably made cabinet work in cheiee wood is 
generally found, the reof and top side linings being 
of painted convaa stretched on frames: mirrors are introduced, and at each end ia a lavatory 
and stove; filters, the water of which is iecd in summer, beiug alse provided. The seata are 
generally upholstered in velvet, and each Lolds two passenger; these seats are hung on centres, 
and can be turned, ro that the contents of the car may be divided into groups of four, sitting 
opposite or all in one dircetion. 

Nominally there are but two classes on American railways, namely first-class passengers avd 
emigrants ; but in reality there are three, as cl arly, or even more clearly, defived than in 
Europe, and this without taking into account the emigrant traffic, the accommodation which is 
provided for these latter being of the most meagre description, and but bar ly suthcient to enuble 
them to perform their jeurney, anything like comfort being altogether unthought of. First we 
have the ordinary first-class cars, which are well-appointed, commo lieus vehicles, in which, how- 
ever, a general absence of proper meung of ventilation, together with the continual presence of 
tobacco smoke, combine to produce an atmosphere altogether peculiar to these cars, and rendering 
them, tu the majority of travellers, anything but desirable places in which to undertake a doug 
journey. Next the so-called ladies’ cars, whieh form practically a sepurate class, an gentlemen 
unaceoinpanied by ladies are uot admitted to them; but in these alas, although smoking ia 
prohibited, the want of proper ventilation, expecially in winter, is very much felt. The third 
Class consists of the special vehicles cither belonging te the company, or hauled by them, adnission 
to which is pained by payorent of an extra fee; the greater number of theae special cars bemypy 
owned by the Pullinan Palace Cars Compeny. Ino these the accommedstion leaves nothing: to 
be desired, and though privacy, which is recognised cliewhere ag on advantage, does not exist, 
the traveiler enjoys a lofty, roomy, and luxuriously fitted vehicle, which travels woth the utmost 
smnoothness, which is kept cool in summer and is well warmed and ventilated in winter, and in 
which a freedom of personal movernent is practicable. Besides the parlour cars and sleeping cars, 
there are others which are fitted up es dining or restaurant cars. 

The rolling stock emploved for the ygeods traffie, in common with the passenger stock, also 
differs considerably, and is of a very varied and, in some cases, special character; the chief featares 
of the various types being the end boyie cars, and their great size and weight. 

In Figs. 20508 te 2:65 in iliustrated & standard first-class car of the Ponnasylvanian Railroad, 
having accommodation for fifty-four passengers. In Fiy. 2058 at | isa side elevation of the body 
of the car. at 2 a side elevation of the body framins, at 3 a sections] view of the framing, and at 
44 longitudinal aection of the interior of the ear; Fig. 2050 is a half end clevation and Jndf 
cross section of the bedy : Fig. 2060 ta a balf clevation and lialf section of the end framing ; ane 
Fig. 2061 16 a part plan of the underframe ; and Fig. 2001° a part plan of the interior of the car, 
This car is carmed upon two four-wheeled bogie trucks, wilich are placed 28 ft. 1 in. apart from 
centre to centre. 

The principle dimensions of this car are ;— 
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Pength of body inside 2.006. 6. kk cee ee BE 
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Height inside, of raised portion of roof ii, ee 
Width - ‘ by at bottom ..  .. .. 


” 9 99 99 at top a ee oe ee 
Length —,, 


ant peoPr 
bo 


ss ‘s a ee, ey ae 8# 
Width outside of raised portion of cover of roof... 6 
Height of end doors ge Wer ees “Sa, Wa Re ee, See ae 6 
Width , 5» a ee ee ee ee ee 2 1 
Height of window openings iu frame ..  ..  ..  ..e 2 82 
Width ee os * a oe ae ee 1 103 
Height from rails to under side of body =...) «www 3 53 
Total height above level of raila ..  .. 0... 0 wk wee 13 103 
Extreme outside width ..00 1.00... we ee wee el (iC 8 
Diameter of wheels .. ee ae wo 2 


Weight of body unlouded a, he about ‘17 tons 11 ecwt. 
» four-wheeled truck  .... Fe 2 gs. MIP & 
Number of passengers carried  .. .. +. wee ets«O 


The framework of this car consists of a braced structure, in which the sides form an important 
feature. The priucipal members consist of two sill timbers A, 8 in. by 5 in.. running the whole 
length of the car, aud placed & ft. 63 in. apart in the clear; the end timbers B, the corners of 
which sre rounded, being of the same scuntling. At each of the four inner corners of this frame 
are fixed cast-iron brackets C, by cans of whieh the longitudinal and transverse sills A B ure 
secured together. The principal transverse framing occurs ut the points where the cast-iron 
turning plates D are bolted, which take their bearings on the bogie truck; it is formed of two 
beams, one 7 in. deep and the other 5 in., both being 14 in. wide. The lighter beam passes across 
between the outer sills, the deep: r one being placed only between the inner longitudinals E, which 
are paraded with the outer ones, and are 44 1n. wide and 7 in. deep. A pair of straps F, shown in 
Fig. 2061, are stretched over the top of this middle transverse timber, their ends being attached to 
a couple of tie-roda, which pass through the lower transverse beam, and are secured by nuts, the 
ends of the beam being chamfered so as to seeure a fair bearing, and washer-plates being intro- 
duced. ‘Phe space between these transverse frames for the truck bearings is divided into three 
bays, two of 10 ft. 4f in. and «a central oue of 10 ft. Td in. Transverse timbers G, 5 in. by 3 in} 
extend across and beneath the outer bills, while above these are lighter stretching picces H, placed 
between the four tnner longitudinal timbers; tie-rods, whieh are secured to the outer sills. rouning 
Close beside these cross beams. [In addition to this. a systens of Lovizontal diagonal brae.ng I is 
mtrodneed, there being five pandls of this in the whole lenzth of the car, In addition to the main 
flame there is, at each end, an auxiliary frame K, for carrying the Miller platform. These frames 
coustet cach of four timbers 5 in, by Sg oor 4 in. which are carried back to the truck beams, and 
project about 2 ft. bevond the main frame : and at their outer ends these timbers carry a beam L. 
The total width of (hia auxiliary platform is 4 ft. Pf in. the middle pair of timbers being 8 in. 
apart in the clear, and the cuter once 1 ft. 6 in. distant from the iner. Planking is laid upon 
these timbers, from the outer pair of which steps descend leadin to and from tie car; to the end 
beams are attached the rails forming the platform guard. two standards from which rise to the 
projecting roof of the car, the hand-lrake gear being also attached here. ‘The steps on each side 
are three in number, with S-in. treads, and 10g-in. risers; decreasing from 2 ft. 10 in. wide at the 
bottom, ta 2 ft. lin. at the top, and rest upon eust-iron brackets bolted on the inner side to the 
frame direct, and supported outside by a light bracketed standard, descending from the under side 
of the frame and parsing throngh the bottom etep. Bolts a. Tin. in diameter, pass from the end 
beam to the main timber of the frame, the platform timbers being also bolted through to this beam. 
Besides the railing coustituting the platform guard, which is 2 ft. lin. high, with an open space 
in the middle of the same width to allow of passing from one car to anotber, handrails are 
attuched to the ends of the carrinyze, near cach set of steps, to assist passengers in leaving or 
entering. 

The side frames of the cnr are so built as to add very much fo the strength of the structure. At 
a height of G ft. 103 in. abowe the longitudinal sills, and 9 ft. 34 im. apart outside, two timbers 
M,7 in. by 1! in. run the whole length of the car, Groups of posts N, two in each group, being 
placed between the longitudinal aill and theae upper timbers. These posts are 1} in square, they are 
pluced 10 in. apart, with a clear interval of 1 ft. 103 in. between each group, and they are mortised 
luto the sills, and attached to the upper timbers, which are placed outside them. The windows of 
the car are introdauccd into the openings of 1 ft. 103 in. between the groups of posts, and each pair of 
the latter are connected and strengthened by light horizontal stretchers placed between, at intervals 
of Zin. above the main horizontal rail O, which is placed 2 ft. 18 in. above the sill A. ‘Phe ral O is 
3 in, by 4 in. and passes outside the groups of posts N, and the space between it and the sill A is 
divided into three parts by two other horizontal rails, each 2 in. by 1} in. whieh pase inside the 
posts and are bolted to them. Between the sill A and the rail O un intermediate post P is intro- 
duced between cach group of posta N, and diagonal bracing rods are employed between the rail and 
the sill to atrengthen the atructure: there being twelve of these rods divided into four Broups on 
each side of the body, the end pairs forming two groups being placed so as to fall from the rail O 
towards the ond of the car, while the other four in cach group are dirceted towards the centre of the 
car, Cast-iron bearing blocks are iutro.tuced, both on the top of the rails O, and underneath the 
silla A, for the adjusting nuts of the braces to take their bearings on, posts Q, 4 in. by 1} in., being 
placed between the rail and the stil wherever thease braces occur, In addition to these dusgonal 
braces, vertical rods R pass from the sill A to the upper timbers M, to which they are fastened by 
tieausef a sole plute and two bolts, there being six of these reds on cach side of the ear, Ata 
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height of 2 ft. 93 in. above the rail O, a moulded rail 8, 3} in. deep, runs horizontally from end to 
end, outside the group of posts, the clear spave of 10% in. between this rail and the upper timber M 
being filled in with a panel the whole longth of the car. The end framing of tlie car is similar to 
that of the sides. 

The floor of the car is formed of close plankiug 1} in. thick, the ends being flusi with the out- 
side of the main longitudinal sills, and cut away where the side posts interfere. 

The outside of the sides of the body, as high as the moulded rail running beneath the sashes, is 
close-timbered with §-in. planking, tongucd and grooved; but in order to break up the flatness of 


2059. 2060. 





so large a surface, vertical strips are laid on at small intervals, and in the centre of the car there 
is an oval inclosure for its name and number, The window sashes have elliptical heads, and are 
surrounded with moulded rails, the spaces between them, corresponding with the groups of posts 
N in the frame, being filled in with sunk pancilings. 

The roof is made with a raised portion or “dome” along nearly the whole of its length. This 
dome is based upow a reetangular frame of moulded tunber T, 4 ft. 104 in. wide by 41 ft. 8} in. 
long, the under side of which is 7 ft. 9 in. above the floor of the car, this frame being supported by a 
series of half rafters, curved to the form required for the roof, 24 in. by 1} in., and placed I ft. 44 in. 
apart, with the exception that at six puiuts in the leagth of the car these rafters are placed iu pairs 


2683. 





closo together; the outer ends of these rafters resting on the longitudinal timbers M, and their 
upper ends mortised into the base of the dome. The sides of the dome are 1 ft. 3} in. high, formed 
of two moulded timbers, the lower ons 2 in. by LP) iu, and the upper one of mn. by 1! in. : these 
are placed 7} in. apart, and are couneeted at intervals by vertical posts, go as to leave rectungular 
openings 2 ft. 8 an. by 7} in. down the whole length of the ear, theac openings being filled in with 
glazed swinging sasves, which act as ventilators. Into the timbers forming the upper part of the 
sides of the dome, the rafters of the Intter ure halved ; these are of the same seantiing as the half 
ruftera below, and are spaced 1 ft. 44 iu. apart, excepting that six pairs are placed close together. 
The roof covering from the sides of the car to the base of the dome is of tinned shevts, and timber 
¥ in. thick, tongued and grooved, and finished with a slightly projecting nosmg, which constitutes 
the widest part of the car. The roof covering of the top of the dome is also 3 iu. thick; it projects 
about Y in. beyond the sides of the dome, anil ie also finished with a nosing, a cluse boarding 
running underneath from this nosing to the side of the dome for the whole length of the car. The 
roof at coach ond of the car ia finished as in Fig, 2058, the domes being extended in width equal 
to that of the car, and brought furward to overhang the end platforms. . 

The internal finishing of the vehicle is shown by the longitudinal section at 4, Fig. 2058. From 
the floor level to a height of 11 in., a plinth of yellow pine a, 2} in, thick, is employed, and above 
this a lining of ash 6 is usd, extending nearly to the level of the sashes: the bottom line of these 
being marked by a projecting moulding of cherry. The mouldings around the windows are of ash, 
with inutermediute panels of maple, the whole ol the lining up to the level of the roof being also of 
maple, and the basu of the dome covered with a moulding of the same wood ; muple, indeed, 
relioved with cherry, forme the chief lining matcrial of the car, The head lining, Lowever, is of 
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painted canvas, stretched on suitable frames, and nailed up in place. The window sashes are 
glazed, and can be lifted up and down, a spring stop being employed to arrest the sash at any 
desired point ; there being, in addition to the glass, a second sash filled with light louvre boards for 
use in summer. The seats are urranged transversely on each side of the car, so as to leave a central 
passage down it for circulation. The frames of the seats are of iron, and swing upon centres, so 
that the seats can be arranged for passengers to sit in groups of four, vis-a-ris, or all in the 
same direction. The covering of the seats is red or green velvet. 

At one end of the car a water-closet W, arranged as in the plan, Fig. 2061, is introduced. 

These cara are lighted by gas contained in reservoirs under the frame, three or more lamps 
being hung from the roof. 

The bogie trucks on which the cars of this class are carricd are shown to an enlarged senate in 
Figs. 2062 to 2064; Fig. 2003 being a half side elevation and half longitudinal section ; Fig. 2064 
a half end elevation and half cross section ; and Fig. 2062 a half plan of upper side of framing. 

This truck consists of a main timber frame, 10 ft. long, and 7 ft. 12 in. wide outside; the side 
frames being 9 in. deep in the middle by 7% in. at the ends, and 4} in. thick; and the end timbers 
42 in. by Ghin. The side timbers M are 6 ft. 7} in. apart outside, and the end timbers N are 
secured into them for their full depth, 
the under side being flush. Eleven 
inches within the side frames, inner 
timbers 3 in. by 54 in. are atretched 
from the ends to the centre framing 
©, which carries the car centre A; 
this centre framing consisting of two 
transverse beatns 43 in. by 9 in., which 
nre moertised into the Jengitudinal 
timbers M. and are pluccd 12} in. apart 
in the clear; a central beam R, 12 in. 
by Sin., which stops short of the side 
timbers M by 2} in. en each side, and 
which is so placed that its upper 
surface rises above the level of the frame, being placed between the timbers O. On each side of 
the timbers © are placed two truss rods, 1 in. in diameter, passing through the side frames and 
secured by nuts, while in the middle they are strained under a saddle plate which passes beneath 
the central part of the framing, and is bolted tu the timbers by two j-in. bolts; a couple of light 
straps, 2} in. wide, also puss over the central transverse beam R, and are bolted to the two outer 
timbers O. The central beam K 1s carried by the arrangement of springs S, there being three pairs 
of these springs on each side of the truck. Each of the springs S is built up of six leaves 3 in. 
wide and collectively 2 in. thiek, the length being 36 in., and the distance between the top and 
bottom springs in cach pair o in. at the centre. The clips of the upper sprinus take their bearings 
on a cast-iron Pan which is reecived into the under side of au packiny strip a, Fiz. 2064, 12 in. long, 
by 12} in. and 2 in. thick, bolted to the bottom of the central beam; and similarly the clips of 
the lower spring rest on a second cast-rron plate supported by the beam 4, 5 ft. 5 in. by 124 in. 
by 24 in. Underneath this bar and 4 ft. 64 in. apart are placed two cast-irun brackets c, through 
which passes a bolt 14 in. in diameter; the length of this bracket is 14) in., and the bolt d projects 
at cach end sufficiently to receive a Jink ¢, 24 in. wide and 7 in. long; a pin 1} in. in diameter 
passing threugh the upper end of this link and through a strap slung over the transverse timber 
In tie centre of the truck ; these straps being each bolted to the timbers by two $-in. bolts. Two 
light wrought-iron arresting straps f, belted to the under side of tho frame, are placed to support 
the swing portion of the frame in case of fracture. 

The cast-iron pedestals P, are placed 6 ft. apart from centre to centre. Over the centre of the 
journal, which is 7 in. long, is a recess in the top of the axle box 23 in. wide, which forma the 
bearmg fur the bent bar B, which carries the rubber side springs S’: these bars are 2 in. thick, and 
34 in. deep in the centre, and the ends are curved upwards ax shown, where they pass belind the 
pedestals to take their bearinge. The springs S' are placed 2 ft. 8 in. apart from centre to centre; 
they are formed of blocks of solid indiarubber 8 in. in diameter und 7 in. deep, placed in top and 
bottom sockets 7, A. A flat bar /, 34 in. by § in. extends from pedestal to pedestal, the ends being 
turned up 0 as te catch on the outer side of cach pedestal, to which the bar is bolted; while at a 
distance of 2 ft. 2) in. from the centre of cach axle, a transverse rod m pussea across the truck, 
connecting the bars ¢; the burs mare 1 in. in diameter, and are made with a palm at each end. 
nee einbraces the flat tie-bur between the pedcatels, the counection being mude with a bolt as 
shown. 

The side frames are strengthene] by ther addition of bars lin. square, the bottom inner corner 
of the frame being cut out to receive them; these bars are secured by nuts at the end of the frame 
and are placed horizontally for a distance of 6 ft.. corresponding to the distance apart of the 
pedestal casting. At cuch end of the bolater R, and on the upper side, ix bolted a casting k; these 
castings forming bearings for the body of the car. The cast-iron plate A, ia that on which the 
truck turns when ranning ; it is 2 ft. 54 in. long, and is formed of » disc 17 in. in diameter, with 
annular channels, and two projecting laps, with a 2-in. hole in each, throngh whiel: passes # boit 
holding the plate upon the bolster; in the centre is a circular hole, and a corresponding opening is 
in the bolster through which the bolt passes connecting the plate on the carriage, D Ki 2058, to 
the truck. eal ell ' 

The axle guard is made of }-in. plates 3 in. wide, and is bolted . : 
bolts at the ends, and two inner belts of the same diameter passing Gniegu came isa (cad 
as shown. One side of the lower part of cach of these axle guards is tarned over to form a bracket, 
through which passes the rod x, and sround this rod is coiled a spiral apring, which preases against 
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the break lever L. The brake rigging is clearly shown in the drawings ;—Two light plate-iron 
guards o are bolted to the end timbers, and protect the floating bar F; to the latter are bolted the 
brake blocks and the forked bars P, which are pinned to the levers L, these levers being different 
for the two ends of the truck, as will be seen in Fig. 2062. ‘The upper end of the lever slides in a 
wrought-iron guide r bolted to the timber, and that of the opposite lever passes through the loop s, 
which is drilled with a series of holes, through cither of which a pin can be passed to regulate the 
position of the lever, both levers being connected by a bar, so that the brake power delivered on 
one is transmitted to the other end of the trucx. The floating brake bar F, with the brake blocks, 
is suspended to a rectangular Jink v, 2? in. in diameter, the lower side of which paszes through the 
block attachment, and the upper part through a bracket which is bolted to the under side of the end 
framing timber. 

Fig. 2065 is a half side elevation, and Fig. 2066 an end elevation of a standard sleeping 
car, fitted with twenty-four double berths; a double berth being almost invuriably allotted to each 
passenger. The construction of the bottom framing of this car, and of the body is similar to 
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the first-class car above described, the internal arrangements and fittings being mainly like those 
of the Pullman sleeping car, though perhaps not quite »0 elaborate. This type of car is carried on 
two six-wheeled bogie trucks; and its priucipal dimensions are :-— 


ft. in. 
Length of bottom frame Be .tltes hd <he Gugt, et. Bok sites, oe. Goat se Al 
Total length over buffers ies, . whee. thee cee HD. Joa ‘Su. -ae- de - te 6b R 
Distance between centres of bovics Ss, sdes ee ee  ae  D) 
Wheel base of each bogie be OE tee a OR pee Cd. HR. ter eee 0 
Dinmeter of wheels 2.006.006. cece ee ee a CD 
Width of body inside je ee, she ee Ge. ce ok ee ae. cee - we 0 
Se, VOR OIE, Ge. ke. ee eee De, Ge GR AR Ge. ea cot Ok. See HOTT 
Height inside, at centre Seo whe gh: . bE od OSE ee Gave cat 6 OSD 
» — above level of rails, of under side of body 0. 6. BOG 
Total height above level of rails 6.000. 6. wk wee ee Od 0 
Average Weight of a ear nuloaded tee ee DH te 2G fons 
Weight of six-wheeled bogie track tee ee ee toms FE wt. 


Fig. 2067 is a side clevation, Fig. 2008 a longitudinal section, Fig. 2069 a half end elevation 
and balf cross section, Fig. 2070 a longitudinal section through centre of bolster body, and 
Fig. 2071) half plan of the six-wheeled bogie trucks on which these cars are carried. 

Vhe total length of this teuck is 13 ft., and ite outside width 7 ft. 12? in.: the main side frames 
are 92 in. by 44 in, and the end timbers 44 in. by 43 in. The pedestals P, are of the same pattern 





as those in the four-wheeled truck, and they are connected at the bottom by a flat horizontal bur L, 
34 in. by in. thick: these bars being ticd together at the two points M, by round bars 1 in. in 
diamoter. From the outside pedestals to the end frame, struts K, 1} in. in diameter, and with sole 
plaica at cach end, complete the bracing of the frame. Iron beams O, 2 in. thick and 39 in. deep in 
tho widest part, take their bearings on the axle boxes; and between the upper edge of these and the 
undor side of the side frame, are interposed indiarubber block springs U, resting in sockets, The 
arrangement of bolster frame ia as follows ;—Tranaverse timbers D, 34 in. by 9 in. and 4 ft. 10 in. 
apart in the clear, span the distance between the main side timbers A, in the middle of their 
length, and parallel to them and 108 in. distant from them, longitudinal timbers C, 37 in. by 59 in., 
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from the transverso beam D, to tho end timber B. Between D the bolster frame is placod. 

his consists of two timbers E, 7% in. by 8 in., and two F, 6 in. by 7 in., connected together to form 
a rectangular frame, measuring 4 ft. 2 in. by 4 ft. 92 in. On the top of this are placed the timbers 
G, 3 in. thick, and in the ountre two others, J. The frame is ticd in longitudinally by two j-in. 


2068, 





bolts T, and trussed by rods Z, of the same size, taking their centre bearing on plate Z’, and bolted 
up azuinst the plate Y on the top of the frame, Strengthening bars RK are reecssed into the top 
sides of the frame, and are bent to the form shown, as the centre of the bolster frame rises in the 
centre tu receive the cast-iron centre plate Q ; the whole being covered with light sheet iron. Two 
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horizontal transverse tie-rods T’ are alan intraluced. The entre plat: Q ia 161 in, in diameter, 
ail corresponds With that for the four-wheeled track previounly described: ated tin seared by the 
built Which pass through the framing aod the plate Z’ ulrewdly mentioned. ‘She bulater frame is 
ny ned upon four poirs of springs V, arranged in couples; these springs being brlt up uf seven 
ft iN toch, Phe Clips bear upon cast-iron plates at top and bottom, the furmer being bolted 
to the timber E and the latter to the beaw I: the minuer of suspension being as follows;— © 
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On one side a bracket W ages 
around the timber D, and is Ited 
thereto by two ?-in. bolts, and on the 
other the bur W’' is bolted to the side 
timbers A, and stretches between them 
the whole width of the truck. The 
links R, 8 in. between centres of pina, 
ure attached respectively to the bracket 
W and the bar W’, and bclow to the 
easting R', through which a 14-in. pin 
passes and retains the whole in posi- 
tion. The under side of the brackets 
R’ is cut away to allow for clearing the 
“tie M, which is placed close bencath 
them: the timber I is 7§ in. by 24 in. 
Guard brackets K’' are provided, as 
well as axle guards A and A’, a bar B’ 
passing transversely between cach out- 
side pair of axle guards; that on the 
right-hand end of the truck having 
attached to it in the centre a spring 
plate C’, which bears against rubbing 
plutes in the flouting brake beam D’, 
and replaces the spiral springs em- 
ployed in the four-wheeled | truck. 
The cye-bolt FE’ passes through the 
floating beam, which is protected under- 
neath by an iron plate, and to it is at- 
tached the brake link F, the forked end 
of which at the opposite extremity of 
the truck is counected to the lever G’‘, 
attached to the Noating beam by the 
forked bar H’, and moving ut its upper 
end in the guide I’. 

A atandard box car, or covered 
goods wuaggon, of the Penusylvanian 
Railway is illustrated in Figs. 2072 to 
2074, Fiy. 2072 being a half side cleva- 
tion and half Jongitudinal section ; 
Fig. 2074 a half crows section and half 
end elevation; and Fig. 2074 a quarter 
plan of bottom framing and o quarter 
sectional plan of body. 

The principal dimensions of this 
waggon are ;— 


Rm. in. 
Longth of bottom frame... ... 29 103 
a i » between 
end sills co ue tele RR 
length of stringers... ..  .. 28 7% 
o end silla.. .. .. 8 29 
ie platform plank  .. 8 u} 
Width of bottom frame ..  .. 8 O 
Height of under side of frame 
above level of rails - . 
Total height above level of raile TE 3g 
Length of body, outside... .. 28 
” ” inside .. 0... 27 
running board of roof 28 


te 


Width of body, outside .. 8 i} 
i. M8 inside ..  .. 7 dg 
Width overall... .. .. .. & 9 
Height inside at sides 1.20 .. 5 103 
ve » oentre .. .. 6 & 
Width of dour .. 0 ..00.. 2. 68) 6 
Height Hes iee, , her cae: OD 32S 
Diameter of wheela.. .. 00.6. 62) 8 
Whicel base of each bogie 410 


Distance apart of centres of 
bogies ..0 .. 6. we we BO AF 


toma. cw, 
Weight of car, about . hee: CURD 
” each bogie a) o. 4 l 
Cajncity,—-General merchandise 7 23 
Flour... se 


Grain... “Yy lo 10) tous, 


s 
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: 
3 
t 
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ft 
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The bottom frame of this waggon consists of six longitudinal sills, the outer ones A 4 in. by 
8 in., and the inner ones B 8 in. by 8 in.; the end sills being 8 in. by 9 in. Cross timbers trussed 
in the ordinary way are placed over the trucks, similar to the frame of the first-class carriage pre- 
viously described, and two intermediate sills C, 33 in. by 6 in., are placed under the longitudinals ; 
additiona] framing timbers being introduced between the end sills and the trausverse framing over 


the trucks, and to this frame the coupling 
and central buffer are attached. Two 
truss rods T run from end to end of the 
fraine. passing through the end sills over 
the cross beams above the tracks, and be- 
neuth blocks attache’ to the under side of 
the intermediate sills C. 

The body is framed at the four corners 
by posts 3) ia. by 44 in., 8 ft. apart and 6 ft. 
3 in. in length, and at short intervals by 
intermediates I, 23 in. by 3 in. ; diagonal 
braces are placed between these posts, and 
are framed at the bottom into the longi- 
tudinal timbers A, and at the top into the 
upper sill S, these braces being of the same 
size as the posts. namely, 24 in. by 3 in. 
At the side of each vertical post Fa rod 
§ in. in diameter passes trom the ro f sill S 
to the Jongitudinal timbers A. and hori- 
zoutal tie-rals are also employed to. tiv 
these posts together at intervals under the 
roof. On the top of the posts Toa sill 8, 
2} in. by Sin, is framed, and to this the 
side planking is secured. 

Tie flooring of the car is of 14-In. 
planking, tonzued and grooved, and faid 
over the fram.» beyond tue bhedy at cach 


end. For a height of 2 ft. 10} in. above 
the floor line. the sides off the car are made double, of Z-in. planking. tengued and grooved, and 


plneed one thickness outsid) and one inside the posta; the outer plankiag on the sides of Che body 
falling outside the main longitudinal sills. At the he ght of 2 ft. PO} ino above the thoor a meukding 
rons round the inside of the bedy of the car; and above this level (he body ix formed with a single 
beurding, that is, the planking outside the posts only is extended to the reof, 

The main road timbers or eartines are fratead into the roof al] S, one at each end ara one tn 
the iniddle At intervals of about lft. Sin. digit rafters, 2) in. wqnare. are fined, and these 
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carry two purlins and a ridge piece, up nm which the roof planking, { in. thick, is laid. A’ 
btrip W, 4) in. deep, rans along outside the roof sill 8; and a head lining ia nlen introd_ __ 

Iu cach side of the bely is formed an opening, 5 ft. 4 in. long and 6 ft. in height, these openings 
being closed by sliding doors D, } iv. thick, running in guides which are bolted to the | a 
"OF the style of bie truck called ad 

@ style of bogie truck, ca a diamond truck, and whie , : 
of freight cars, Fig. 2078 is a half side elevation and half ace Oo : half 
ond elevation and half crosa section; snd Fig. 2080 8 half plan partly in nection. & 
The wher-ls W are of chilled cast-iron, 2 ft in. in diameter, and are mounted on wrought-iron 
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axles 4 in. in diameter; the bearings in the wheel seats being 4 ic. in diameter and 6} in. long, 
and the journals 4 in. in diameter and 7 in. long. The wheels are placed 4 ft. 10 in, apart, and 
are connected by outside framing, which consists of a horizontal bar A passing between the axle 
boxes and fitting into recesses on their lower sides. On the top of the axle boxes, and fastened b 

throuch bolts, are the ends of plates T, 1 in. thick, which diverge towards the middle of the truc 

until they are 16 in. apart, when they again become horizontal, and rest, tho lower member on the 
bar A, and the upper on the end of the bolster B; through bolts which pass inside cast-iron 
distance pieces securing the structure together. ‘The upper bolster B consists of one timber 
10 in. by 8 in., reduced at the ends for a distance of 10 in. to allow the upper bar of the side 
frame T to pass over it; this beam B is trussed as shown in the cross section, Fig. 2079, the 
truss rods passing into the centre under a wooden packing and cast-iron saddle. The lower 
bolster C is 6 in. by 10 in., and 7 ft. ¥ in. long, and is trussed similarly to the upper one, but with 
only one end rod. To both bolsters the brake rigging is attached, the floating beams being hung 
to the upper one. The springs are ordinary leaf springs 2 ft. 9 in. long, and are built up of seven 
plates 3 in. thick, and tapered off to 3 in. at the ends; the plates aro paralle) throughout, and 
3 in. wide, the overlap of each leaf, except the top one, is 2} in., that of the latter at cach ond 


being 1} in. 


2050a. 200d. 





Dastie. 


pur RT) : 
nays Zul 





A standard drop-bottoin gondola car, or open gools waggen of the Pennsylvania Railway, is 
shown in Figs. 2075, 20765, and 2081. Fig. 2075 ia a half side elevation ink half lonitadinal 
section: Fie. 2077 an end elevation: Fiz. 2081 a cross section, half through the upper turning plates, 

Fig. 2U76 a half plan of car and half plan of bottom 


framing. 
The principal dimensions of this car are ;— 

ft. in. 

Length of bottom frame he ‘wie oer ~e . Oar. sebl 1 

» imavleend sills ..  .. 00... 0... 04. 0 6.682) OO 

» Owerel) ou. ou. uk ae ue ae a BEB 

» Ofsideaofbody.. .. 2... 0 0...) 8.) 687 

» Of body, outnic Hk. a, eee Hs ee SR 

“3 2 imsitle 2.0 6. wk eee COD 

Depth re outside. oo... ae 1 7 

< - Inside 6.006. knee 1 6 

Width i Gs Sie Set ae eG 

Ss - outside.. .. 0... 1. wee CUO 
» overall a oa cee ee ee ee 8 63 

Bottom dour, length “e We, see ae . § 6 

a width... ..0 oo... 004. 04. es 4 0 

Distance apart of centres of ngietrncks .. .. 22 6 

Weight of car, empty... 0 to D4 tons. 


e cach bogie... 4 toma 13 cwt. 
Maximum load... 6. wk. 10 to 12 tonna. 
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The bottom frame consists of five longitudinal timbers, the two outer ones A being 4 in. by 10 in., 
the middle timber B 6 in. by 9 in., and the intermediate pair C 3 in. by 9 in. ; these are connected, 
by end sills 1, 8 ft. 22 in. long, and 8 in. by 9 in. in the middle, reduced towards the ends as shown 
in the plan, Fig. 2076. At 5 ft. 33 in. from the outer face of the sills is the cross framing E, 
carrying the upper turning plates P; this consists of a sill 6 in. by 14 in., framed under the longi- 
tudinals, and bolted to them, side pieces F, 3} in. by 8 in., being bolted on each side of the central 
longitudinal B, and extending for a distance of 2 ft. from the centre pin of the truck to the end of 
the frame, and outside these side pieces are two blocks f, 4 in. by 14 in. Passing over the central 
longitudinal side pieces and blocks are two straps a, 10 in. apart from centre to centre, and 3} in, 
wide, bulted down as shown, the ends of these straps being attached to truss rods, which pass 
through holes made in the cross sill E, and are secured by nuts at the outer ends; the cross sill E 
being also bolted to the longitudinals C by 4-in. bolta6. Ata distance of 7 ft. 11 in. from the cross 
sill I. are two other transverse timbers G, 4 in. by 6 in., bolted to the main sills, and passing under- 
neath them; and to these timbers are attached the drop doors H, in the bottom of the car. A tie- 
ral c, 2? in. in diameter, posses transversely through the frame over the cross sills G, and two longi- 
tudinal tie-roda d, 1 in. in diameter, extend from end to end of the frame; these latter rede d, which 
are placed just outside cach of the intermediate longitudinal timbers C, are bolted to the end sills D, 
passing through them about the middle of their depth, then over blocks resting on the cross 
timbers K, and thence underneath the frame, wi ere they bear in cast-iron sockets bolted to the 
middle cross-sills G. The bruke whecl I is placed at the end of the frame. 

The bogie trucks are of the type already described, in connection with the covered goods 
wagygon, Figs. 2072 and following; and are shown iather more in detail in Figs. 2080a to 


To the face of the outer longitudinal timbers A, at intervals varying from 2 ft. 7 in. to 3 ft. 7 in. 
are secured sockets ¢, by means of staple bolts passing round the middle of the socket, and held by 
nuts on the inner side of the sill; vertien] posts K, 3 in. by 3} in., are placed in these sockets, some 
of them extending only to the top of the sides of the car, and others about 3 ft. longer. the former 
being fastened to the sides by three bolts, as shown, and the latter slotted, so that their hcights ean 
be adjusted, and they are fixed by a bolt 4 passing through the slot, and a nut and washer plate. 
The sides of the car, 23 in. thick, besides being connected with the frame by means of the side 
posts K, are secured by straps L, 2 in. wide and $-in. thiek on the inner face of the side, tle lower 
part of this strap being formed with a Z-in. Lolt which passes through the frame, and the upper end 
turned over and recessed into the top of the side, Hight belta, J in. in diameter, also pass through 
cach side and frame. The corners of the body are protect) d by augle plates, and the top by a flut 
pints secured by bolta, ‘The floor of the car is 1? in. thick: it is tungued and grooved, and 1s laid 
on the main sills of the frame, projecting slightly be yond the outer timbers. 

The drop bottom is placed in the middle of the car, and forms a kiud of well, & in. lower than 
the fleor of the car, and is closed Ly doors which abut against the under side of the longitudiuals C, 
the central longitudinal Branning through the well: the euds of the well being formed of timbers 
4 in. thick, tenoned into the Jongitudinals BC. The planking of the bottom door is 2 in. thick, and 





2086. 


the hinges, which are bolted to the transverse silla of the frame, extend to the ends of the doors; the 
doors aro raised and lowered by means of the shaft 8, running acrovs the car, and carrying a ratchet 
wheel at one end. ; 
In Figs. 208% to 2084 is shown the standard hopper-bottom gondola car of the Pennsylvania 
Railway, this being the type of waggon which ia generally cmployed for the conveyance of cecal 
and other similar material which can readily and conveniently be discharged from the bottom of 
the car. Fig. 2082 is a half side clevation and half longitudinal section ; Fig. 2083 a ernss section, 
balf through the cross framing over truck, and half through the centre of hopper bottom; and 
dig. 2084 a half plan, showing part of the bottom framing. 
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The principal dimensions of this car are ;— 


ft. in. 
Length of bottom frame ..  .. 0... «1 ae ree ECO 
Pe inside end silla ..  .. 0 4. ws ee we ee i 48 
ss over all ac. ces. fea ee’ “hat, ede. Sa pe en. 12h 
» Of body outside ..0 .. 6. wk we ue ee we «6D OO 
a ue inside . be -48@ tees He. eee pe .<e 328. AGE 
Depth ss «6 ARBITG: “S50 ae. ae, 2s es oe ade es OS 
Width o> OUtBIGe: 46. ie: cad ek Sk es BD 
es wi, MBIGG® San cc eh ew oe ee 8. we 7 63 
co “OWOr All .6c . a0 cc Ae. SE. a. SS) ee KG 8 9 
Length of hopper bottom, at top... .. 3... «www we S28 
v9 » atbottom .... .. .. « 2 4% 
Width "a i 6 we: te at lye. ea. oe OE 
Leugth of door in hopper kottum .. ..  .. 2. ww. 2 10 
Width is > a He. ak. a, ae, Set eee 
Distance apart of centres of bogie trucks .. .. .. .. 15 6 
Weight, unloaded, about nT er 9 tons. 


eA of each bogie truck .. .... 4, I} ewt. 
Average load “ae we, 2S ae jee 16 ,, 

The bottom framing of this car consists of six longitudinal timbera, the outer and middle pairs of 
which A. B are each 4 in. by 10 in, the intermediate pair C being 3) in. by 8 in., and the end 
timbers L being Y in. deep and 8 in. wide in the middle, and tapered as shown. ‘The cross framing 
over the truck consists of a timber LD, 14 in. by 8 in. in the 
centre, and underneath a second timber EF, 14 in. by 6 in., 7 
extending between the outer frames; the whole being trussed 2 
similar to the drop-bettom car above deseribed. A crosa beam 
F, 4 in. by 8 in., is alse introduced immediately below the 
commencement of the inclined portion of the fluor, The 
underframes at the ends cf the car, to which are attached 
the central buffer, which is also the draw-bar, consist of twa 
timbers G, placed under the central pair of main lonzitudinal 
timbers B, in the same manner us in the drop-bLettom car 
above described ; and two bumpers H, of cast iron, 2 ft. 6 in, 
apart, are placed on each end of the end sills L. Pwo rods I, 
1 in. in diameter, are introduced at each end, extending from the buffer beam to the crose timber 
at the commencement of the incline, and transverse rods (are alse intre lueed. 

Along the outside longitudinal timbers A. cust-irou soekets «are bolted at intervals of 4 ft. and 
3 ft. 6 in., to carry pests P, which extend to the top of the car, and to whieh the side timbers are 
bolted in the manner shown, these side and end timbens beinw 23 in. thick, std two of them form 
the depth of the body. Tie sides and ends of the body are strenzthened and held tegether on the 
inaide by iron straps 4, 2 in. wide by 4 in. thick, running from the floor vortieally ty the top of the 
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budy, there being four cf these straps on cach side and two at each end of the car, cach fastencd 
to the timbers by four J-in. bolts placed Gin. spart. Besides theae etrape 4, there are three innor 
and outer straps c,c at each angle of the car, which are alan bolted through as shown ; and the top 
of the body ix protected by a flat bar running all round, and fastened to the timbers b 
In the centre of its length, the bottom of the cut is placed 2 ft. Lin. below the main fluor level, 
and this hopper in closed by two doors, the floor of the car being connected with these doors by an 
incline ov all four sides, the length of the opening on the floor level being 12 ft. and the width 
¢ ft. Opin. The inclined portion of the bottom is of 1f-in. timbers, held together by two atraps, 
3 in. by § in., running slong it on each side, in the mi idle of the length of the ineline, and at the 
nae shown. At the bottom of each portion are bolted the hinges by which the doors are 
“1. these doors being each of them 1 ft. 5 in. wide, and when closed they are held in a horie 
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zontul position by means of chains attached to the staples s, these chains passing round a shaft 8’ 
running across the car near the fluor line, and having at one end a toothed wheel, gearing into 
another wheel, which is moved by a lever from the outside of the car. 

A cattle car of the Pennsylvania Railway, constructed to carry two tiers of sheep or swine, is 
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shown in Figs 2085 to 2088. Fig. 2055 is a half side elevation and half longitudinal section, Fig. 

2086 an end elevation; Fig. 2057 a cross section; and Fig. 208s a hulf plan uf bottom framing, a 

quarter plan of roof timbers, and a quarter plan of interior of car, 
The principal dimenustons or this car are as follows :— 


it. in. 
Lanyth over all mis - Se “ee WE Re, Hey Gee Be. eo cue 
‘ vf bottom frame A ee ee ee ee ee 
es of body ae - a bite, oh me = bee . 28 O 
Width overall. 0. 6... ee a a ee 
» Of bottow frame oo... : % ssa. “Reo Sac -as. “OP Sy 
ic: TOU MIG Ss wes coe. tie, QE at a cae. Ta. “os 0 O 
Potul height above lovel of mils 20 000..000..00 0. & ee GD AOS 
Height of body at sides. ee ee ae ee .~ OO 8 
ee to under sale of middle floor 2202. 6. we. 4% 2 
Distances betwooen centres of bye tracks 2.000.200.2006. WW 7 
¥ from end of frame to centre of bogie track - o 4 
Wheel base of cach bogie fe. A, tek a . £10 


The bottom frame of this car consista of eight longitudinal timbers A, arranged us shown in the 
Plan, and connected at their ends to the cross sill Bo The dimensions of these timbera, together 
with the system of bracing adopt d, as alao the cross frames over the trucks for carrying the upper 
turning plutes, are all very sinilar to, or identical with, those already described for freight cars. 
The sides and enda of this car consist of a trussed framing with open boarding, having a deor D in 
the centre of the length of vach side , and the upper floor is carried on cross timbers supported in 
cast-iron brackets which are fixed to the aide posta. ; ; 

The weight of thia car ia about 8} tons, and its load about 8 tone when carrying pigs, or 74 tons 
when loaded with aheop; when constructed with a aingle floor the load is, cattle 7§ tons, pigs 
5¢ tons, and shoop about £ tons, . 

Fig. 2089 to 2092 are of a tank car which is used for the conveyance of petroleum in balk; 
the external appearance of this tank being similar to an ordinary cylindrical boiler. Fig. 2089 is 
a half side elevation and half longitudinal section ; Fig. 2090 an end elevation; Fig. 2091 a croes 

tion; and Fig. 2092 a half plan of tank and half plan of bottom framing. —— 

The oil is pumped into the tank through the dome D, and discharged through an opening in the 


1048 ROLLING STOCK. 


bottom of the tank; the said opening being closed by a valvo V, which is placed in ao suitable 
seating, and is operated by means of the rod A. 
The principal dimensions of this car are ;— i 

. mt. 
Length of bottom frame... .. ..  ..  .. « 28 10 
- » inside end sills ..  .. 27 8 
ofend sills... 6.00 2.0 66 we oe we CBT 
ace. “Gee 26, ROO 


99 
ss _—over all : 


Width over longitudinals B ..  .... 410 
Height of handrail above running board 2 8 
Width of cast-iron brackets .. 0... 0 4 
Length ” ? fu, Ae SR ee OS 
Depth a “i a. Ge we. va. “OHO, 
Diameter oftank ..0 1.00 6.0 16 ee we 5 4h 
Length = se eth, ie tee ES 
Diameter of dame ..) ..  .. wk ee ee i 
Height from bottom of tank to top of dome 8 1 
Total height above level of rails .. - 12 6 


Distance apart of centres of bogie trucks .. . Ws 


The bottom framing of this car consists of two longitudinal timbers L which are connected by 
the end sills S, and are further strengthened by the cross timbers C and tic-rojs T. To the outer 
sides of the longitudinals L are bolted the cast-iron brackets B, which support the platform P 
surrounding the tank and also carry the handrail R, the outer ends of the brackets B being 


2039. 





supported by the bar or tie-rod A, which is bolted through the end silla 8. The tn 
to the bottom frame by means of wrought-iron straps D which round it; the sirheianeogien 
~~~ fortued as screws, and passing through the longitu final timbers L, are secured by 


The capacity of the tank, not including the dome, is al 
‘Pig. 2098 is a half side elevation and * fice an ae areas S870 Rellone. 
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truck T, and half through ono of the trucks T’ of a sixteen-wheel gun truck of the Pennsylvania 
Railway. ‘The principal dimensions of this truck are as follows ;— -~ 
. In, 
Length of bottom frame... .... . o 8110 


»  insideendsills .. .. .. «2 . « 30 2 

» over all dae. <@e- wage Whey Me. eer soar 24a 

» Ofendaills.. ..  .. 1... oh Uue6hCUDDlCUO 
Distance between centres of bogies T.. .. ... 17 0 
Wheel base of each bogie T .. 6. ww we we OE 
Distance between centres of bogies T’ i us. t 2 
Wheel base of cach bogie TI’ a> ae. ee wk A 2 
Total wheel base ..  ..  .. 6. we ue we BB 


Tho bottom frame of this truck consists of two outside timbers A, each 17 in. deep by 6 in. wide, 
the depth being reduced to about 12 in. nt the ends; four central timbers B arranged in pairs, 
each 6 in. by 5 in.; and two intermediate timbers C, cach 6 in. by 4 in.; the cross framing con- 
aistiny of a central timber D, 8 in. by 10 in., and over the centre of each bogie truck two timbers 
K, euch 5 in. by 10 in., and placed 10 in. apart, the frame being strengthened at these parts by 
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the bracing shown in Fig. 2097; and the whole frame is further strengthened and bound together 
by the longitudinal trussing ¢, and cross tie-rods ¢) | The frame is laid over with 8-in. close 
planking, and on top of this are two side strips F, 6 in. by 6 in., and two ccntre blocks G, 
Gin. hy tan. 

This truck is carried on two cight-wheeled bogics, Fizs. 2995 to 2097, each composed of two of 
the four-wheeled waggen trucks previvusly described, Figs, 20801 to 2080e; these two trucks each 
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bear on the ends of a compensating frame, which is formed of two side plates H, placed 3 ft. § in. 
apart, and connected by the two horizontal end plates K, and central plate T; the latter forming 
the pone of connection betwoen the bogie and the underframe of the truck. Set 

n Fign. 2008 to 2100 ia shown # four-wheel coal-truck which is used on the Pennaylvania Railway ; 


1050 ROLLING STOCE. 


this truck is of very small dimensions compared with the other freight cars, and is one of the few 
types of rolling stock carried on rigid wheels, the wheela being fastened to a spring beam, instead 
of being connected to the body of the truck by springs in the usual way. Fig. 2093 is a half side 





TOT ag ee cetera SRG Gaede CRE 


PSS 2) SR er ETE 
oo“ = - 






‘ as 
ik, |. 
Me fs! 
ye; 
P-—Th4 
LN Ai ~ 


4 
rd 





\ 


ET aa, pee —e eee | ee a wom 4 eee 


elevation and half longitudinal section: Fiv. 2000 a balf end elevation and ball cross section ; 
and Fig, 2100 a plan, half of the inter.or, and half of the bottom framiny. 
The principal dimensions of this wagon are j;— 


ft. in. 
Lanvth of bottom frame Sh: va. oewin age cane «ee 30 
- over af) Ne wee Be le. eee . eat RE SD 
oe of body cutante .. 006... re © oe | 
ee an tasude. a a d a . 10 4 
Wilth sm. “OMS Ge ee at ee ae ae hed 
ee Se aged ek, ig nm 10} 
o «= OOF Rropebeottom 2.20... keke 37 
Depth of baly outeide 6.006. 6... rs 2 
inside atecentre 2.006. 6. keke 4 10 
é as siles amends 0.000.000. oe 2, 6 
Diatceter of wheels .. $.* ee nae soy 
Wheel bere: a ee ee ee © is o UV 
Weisht of car cmpty, about 006. 6. tetaw, 


The bottom frame of this waggen consiate of two onter longitudinals A, 4 in. by 9 in., and end 
eroes sus By ton. by Gan. Between toe longitadiuals A, and 3 ft. 7m. apart, are two other bosma 
C, 3} in. by Pft. 2am deep, the euds of which are cat aways, so that the main transverse sills rest 
upon and are belted to them: the rest af 
the cross framing consisting of aw timber D, 
4in. by 8% in, stretched betwoen the two 
inner tongitudinal be ams, and plac d 12 in. 
from the end transverse sills, ahurt longi- 
tudinal pivces BE connecting theee, as abown 
in the plau; other alert ke ngths aleo cou- 
nect the outer and inner longitud. nal silla, 
and to the end tranaverae stile B timbers 
¥, 4 in. by 9in., are bolted; these latter, 
however, stop short of the centre to allow 
roorn for the draw-hooks; the angles being 
cov red with iron plates G, as shown. The 
bolts connreting und streagthening the structure consist principally of two rods H, : 
cud traneverse silla, and cross bolts K between the outer and inner longitudinals. 

The axles of the wheels ran in bozes fixed in pedestals P, which are attached to lon spring 
beams 8, placed on cach side of the car. The length of the apring beam 8 ia & ft. 44 in.; it ts com- 


297, 
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es of two timbers, the lower one 4 in. by 6 in., and the upper one 3} by 6 in., the depth of the 
owor timber being somewhat reduced towards the ends to give adJitional elasticity. The extremi- 
ties of the beam reat in cast-iron sockets R, bolted to the frame of the car, in which sockets they 
are free to move; and ut the centre a block T, 18 in. Jong, 6 in. wide at the bottom and 4 in. at the 
top, and 5$ in. dep, is interposed between the beam and the under side of the main timbers A, two 


; 
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through Lolts fastening the whole together. By this arrangement the use of springs is avoided, and 

at the rame time sufficient claaticity obtamed for the car. 
The bedy of the car is framed on te four coruer posts L, 4 in. by 5 in. and four intermediate 
ones M3 in. by 34 in, raking struts Ny of the same dimensions. extending from the foot of each 
* " te M ta the top of the angle posts L, and a ruil O, ¢ in. by 4} in., ranning round the top 
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of the body. Qn cach mde four bolts 4, Lin, in diameter, pass from the top rail O through the outer 
longitudinal sills A, and are bolted to them, Tho planking of the sides of the en is 1 in, thick, 
and that of the bottom 12 in. At¢adistance of 2 ft. 6 in. from the topof the body, the car is sluped 
inward, ao as to leave a clear space in the middle of the bottom of the car of 3 ft. 7 in. by 2 ft 8an., 
the method of franaing this lower part of the body being cloarly shown in the figures. un the centre 
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of the lergth of the car a beam V, + in. by 6 in., extends across it, the top of the beam protected by 
an iron plate. From the beam V pass down two rods ¢, which are bolted to the side of the hopper in 
the body; and close to the drop doors are two straps, 3 in. by ¢ in., which are bolted at their ends to 
the inner lungitudinals, and along their length to the hupper bottom. The doors, which are hung in 
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the usnal manner, are suspended by yy-in. cLains to a bar X, running across the ear, and actuated 
by a pawl and mtechet placed outside, ‘two bumpers Z, 15} in. deep and 5} in. wide, are placed on 
each transverse sill. 
Heatia; Appout o—A heating apparatus, called the Thermosiphon, whieh has been extensively 
wlopted by the Eastern Railway of Franey, and which has given perfeet sntisfaction in it« working, 
is shown in detail in Fives. 2101 to 2206, and as fixed to the earriages in Figs. boy te Med, This 
apparitus consists of a smell ecast-ron bovler B, which is tixed on 
one aide ef the carriage outside the trame, and is connected to an 
arrangement of pips und heaters which worth the carriage.  ‘Plis 
boiler hus an internal fire, the bottom of the fireplace being closed 
by a hinved tiregrate 7, and the top by a cover fitted with a topper 
A for the fuel Vhe chitaney ¢ is led off from the boiler oblipuely, 
ws chown in Fig. 159, and traverses the beady of the carrisge 
between two of the compartments as shown in te plan, Fig. boet. 
The betler is coated with felt, which is protected bey nm edie C-cron 
cnsing ¢ The water, heated to about 2127 PL, passes off from near 
the top of the boler to two galvanized iron branch popes pp, 
Fig. 2103, which distribute it to the heaters Hoot the bottom of the 
carriage, the pipes pp being made with S bends to give tho 
necessary flexcbiltv, and to allow of cxpanson and contractin. 
The beaters or © chaufir ttes ° Hoare of cast iron, and are receasd 
ints the Moor of the carriage, midway between the scats, aa in 
Fis. 15% amd Di), pray GUY, the detuiia of their construc- 
tion being shown in Figs. 2103 te 2105, These *chanffrett: s” 
extend the full welth of the beady, the Lot water from the boiler 
entering them atone eml A aud eseuping of the other mte the 
return dine of pipes «, the conucetiongs of which are shown in 
Fig. 2103. The return pipes communicate with the bottom of the 
bowler, as shown in Fiy. 2101, the pie from tie two onda of 
the carriage uniting into a emgle branch QO. To ensure the 
“chauffreties " bem cleared of air when the apparatos i+ tilled 
with water, each has connected to its side a amall pipe 4, which is 
carried up under the adjoining reat, Fig. Z105, and is then bent 
over an] carned down through the flour of the curriaye, ita cnds 
being enlarged 9 aa te prevent the prpe from forming a ayphon., 
To aceommodate the expansion of the water which takes plice 
When it ws heated, ther: is provided imder one of the arate of the 
crntral compartnent a inal tauk T, Fig. 2106, which communicates 
With the line of pipes, the position of the tank being sabown in 
Big. 1059, page 092. The exevan of water caused by the expan- 
tion nas up into this tank, and the latter belig mn to the atmosphere, through the pipe 7, it: 
Pihboes rile tot aDY Oxcesarf preamure to Occur in the boiler of ayetem of pipes. To onane the exjual 
ref the heat, the boiler ip placed newr tho centre of the enrriage. One of the pipes p is 
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furnished at the end of the carriage with a funnel through which the boiler and pipes can be filled, 
a three-way cock being provided, and so arranged that, when tie filling is completed, any water 
remaining in the funnel] can be run ont, so a8 to prevent trouble from freezing. With this apparatus 
a temperature of nbout 18° above the external temprrature can be maintained, that is, a temperature 
of frown 46° to 50° F., with the thermometer in the open air standing at freezing point ; the arrange- 
ment also mnintains a temperature of from 122° to 140° F. under the feet. The fire of the heating 
apparatus can be attended to without opening the carriage door. ‘The cost for fuel for warming a 
third-class cairiage, such as Figs. 1959 to 1961, page 992, is stuted to average only one halfpenny 
an bour. ‘ 





The apparatus designed by M. Regray for heating foot-warmers, and which is employed at the 
principal stations on the Eastern Railway of France. is shown in Fig. 2107. The foot-warmers 
are heated: by immersion in boiling water, experiments made in 1876 having shown that the water 
contained in a foot-warmer so immersed is rained from a temperature of 327 to 194° in five minutes. 
This apparatus consints, first, of a tank ip which immersion of the foot-warmers takes place; and 
sccondly, of the mechanical arrangement for effecting this immersion with ease and regularity. 
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The tank T is 4 ft. 11 in. in diameter, and 15 ft. lin. deep: it ia sunk below the surface of the 
ground, and is enclosed in a kind of well, which serves to protect it from tho pressure of the 
earth. This tank ix formed of wrought iron, the three rings of plates which compose it being 
reapectively -275 in. °197 in. and ‘LIS in. thick. The top of the tank is closed by a oover, having 
in te Openings to allow of the passage of the foot-warmera as they descend and ascend. The water 
in the tank 'T ia maintained at boiling point by the injection of ateam, this steam entering through 
® copper pipe A of 1:57 in. internal diameter; thie pipe paascs down to the bottom of the tank, and 
is thore divided into two branchos a, cach 2 ia. in diameter. these branches being perforated with a 
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large number of small holes, a cock being provided on the pipe A to regulate the admission of 
steam. Besides the steam pipe A, the tank ia provided with two other pipes; an overflow pipe at 
B to take away any excess of water, and another at C which serves tosupply any water required to 
muke up losses caused by evaporation, and by the water carried away by the emerging foot-warmers, 
The donkey pump, which supplies the boiler furnishing the steam for heating the water in the 
tank T, draws its supply from the said tank through the waste pipe B; the excess of water caused 
by the condensntion of the steam used in heating is again fed back to the boiler, and the water 
thus travels in a circuit, it only being necessary to supply to the tank such an amount of fresh 
water as will make up for the ldsses above refurred to; the cost of water for the operation of the 
apparatus is thus practically nil. 

The arrangement for securing the regular immersion of the fuot-warmers consists of a pair of 
endless chains, which pass over a polygonal drum D, mounted on a framing fixed over the top of 
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the tank. and under another similar drum TD’, at the bottom of the tank. Fach chain consiste of 
seventy-two links, the corresponding alternate links of the two chains being connected by croashurs, 
which serve to maintain the chains at the proper distance apart, and which also engage with cor- 
responding teeth on the upper drum, and thas enable the latter to impart moticen properly to the 
chains. The remaining alternate links of the two chains carry cages for the reception of the 
fuot-warmers to be heated, these cages being oo slung to the links that they may always hang 
vertically, exeopt when intentionally diverted from this position to receive and discharge the fout- 
warner. ‘She lower drum under which the chains pas is eo mounted that it is free to move 
vertically to some extent, it being, in fact, supported by the chains, and it can thus accommodate 
itself te the expansion and contraction of the latter, The upper drum is driven by yearing from 
the donkey pump which feeds the boiler supplying the steam for heating, the specd being: ao regu- 
luted that cach fout-warmer is immersed for five minutes, twenty-four fout-wartmners being iinmersed 
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at one time. The cages, in which the fuot-warmers to be heated 

taking their bearings in the alt-rnate links of the chain: and on pay Epon patliaag ia ated ryory 
andat Moa kind of guide is fixed, which engages the levers and tilte the rage, oo that the fuot- 
Wwartuers nay readily be placed in them as they pase thin point. At the point O near the bottom 
drutn, there is @ second stop which catches against the other ends of thy levers and tilts the 
wlightly, sv as to ensure that the ends of the levem, which are towards the tight, shall pace ades 
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the guide curve P, this curve ensuring that the cages shall keep their ee positions, and not turn 
over und throw out the foot-warmers. Lastly, there is a guide provided at N, which engages with 
the ends of the lever and reverses the cages, thus causing the foot-warmers to be thrown out on to 
a table, from which they are removed by an attendant. 
Tao total weight of the apparatus is 3 tons 12 cwt., the weight of the tank alone being 1 ton 
10 ewt.; the cost, as given by the Eastern Railway Company, is as follows ;— 
z 
Construction of the well, and of the culvert in which the driving shaftislaid .. 56 
Construction of the apparatus proper, with the driving gear and erection .. .. 120 


Total .. .. .. £176 


While, according to the experience of the above company, the cost of reheating each foot-warmer 
is almost exactly onc halfpenny, this cost comprising all charges for the repuirs and depreciation of 
the appnratus. 

By the use of this apparatus, the necessity of emptying and refilling the foot-warmers in the 
manner followed in this country is entirely ieoied. The foot-warmers are filled once for all, 
sufficient apace being left for the expansion of the water when heated, and securely closed ; and, as 
will have been seen trom the above description, the cold foot-warmers are placed in the cages at M, 
they descend into the tank of boiling water and re-ascend to the discharging point N, where they are 
delivered properly heated. The immersion lasta five minutes, and as there are twenty-four foot- 
warmers immersed at once, it follows that the caves arrive at the charging point at intervals of 
twelve xeeonds; and this interval is found in practice to be amply sufficient to allow of the 
cages being regularly filled. As twenty-four warmers pass through the apparatus every five 
mninutes, it is thus capable of heating — = 288 fout-warmers an hour, or 6912 o day of 
twenty-four hours, a rate of working which is found t be amply sufficient for supplying the trains 
at the stations where the apparatus is in use. When used in connection with a boiler worked at 
*O tb. pressure, it ia found that this apparatus condenses about 4°4 1b of steam for each foot- 
warmer heated to 198° F. and a boiler with 215 ey. ft. of surface is stated to be sufficient to 
keep up the steam supply. In steady work the steam supply required, according to the above figures, 
1267°2 2.2 

yn 9 Ib. 
per aq. ft. per hour for a boiler with 215 6g. ft. of surfaes; but this rate of evaporation is some- 
What ten high for econemy, and if the heating apparatus had to be worked constantly, it would 
be preferable to provide a larger baler: as, however, under the ordinary conditions of practice, the 
working of Ue apparatus is ere or leas intermittent. and as the water in the tank T contaius a 
large reserve of heat, a builer of the proportions above given is found to be sufficient. 


would be 288 x 4°4 = 1267°2 Ib. per hour, corresponding to an evaporation of 





In Fign, 2108 to 2014 in iustrated the apparatus which is employed on the Paris, Lyons, and 
atean Railway, for fing aud heating foot-warmera, With this apparatus the foot- 
aro rehoutad to about 183° I. by the injection of a jet of steam, which is a much more 
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expeditious and Ivss Jaborious plan than that of emptying the foot-warmers and refilling them with 
hot water. 

The apparatus employed at large stations consists of a heater, Figs. 2108 and 2109, formed of 
a pair of cast-iron standards 8, braced together at the top, and fitted with a sliding frame F, which 
can be raised or lowered by means of an arrangement of hand levers provided for that purpose. This 
sliding frame carries twenty hanging tubes p, arranged in five rows of four each, these tubes being all 
connected by horizontal tubes which place them in communication with a main central tube T, 
which rises trom the centre of the sliding frame, and works in a stuffing box carried by the upper 
crossbar of the fixed frame. By means of this sliding joint, the muin pipe of the sliding frame 
iy placed in communication with a casting C, in which two cocks are fixed, one A serving for the 
supply of water, and the other B for the supply of steam. By this arrangement the twenty hanging 
pipes of the sliding frame can be made to discharge either steam or water into as many foot-warmers 
placed beneath them. The foot-warmers to be filled or reheated are carried by a tricycle, which is 
shown separately in Figs. 2110 to 2112. Each tricycle consists of a frame D, mounted on two 
carrying wheels with a guide wheel in front, this frame carrying a sheot-iron casing bk, divided into 
compartments ¢, for recciving twenty foot-warners W. The case E is mounted on trunnions so that 
it can be brought into the position shown by Fig. 2111 for the convenient insertion or withdrawal 
of the foot-warmers, and can be turned up into the position shown in Figs. 2103 to 2110, to enable the 
wariners to be filled or heated, a catch ¢ beipg provided for keeping it in either position. The mode 
of operating this apparatus is as follows ;—A trievele having been loaded with twenty-four foot- 
warmers, and the serew-plugs of these warmers having been reinoved, itis run inte position under the 
filling apparatus, as shown in Fis. 2108 and 2100, and the sliding frame being depressed, each 
pendent pipe enters into the corresponding foot-warmer, which can either be charged with water, if 
empty. or the water in them can be reheated by the injection of steam. The process of reheating 
the water to a temperature of about 154° F. takes from three to four minutes; and one apparatus, 
such us shown, werking in connection with a steam baler having about 270 sq. ft. of heating 
surface, will reheat 240 fout-warmers per hour, When the foot-warmer are sufficiently rehosted, 
the sliding frame with the pendent pipe is raise}, the tricycle with its load run ontof the way to 
make room for another, and the serew-plugs of the fuot-warmers replaced, when they are ready for 
delivery into the carriages. 

The arrang: ment adopted for secondary stations, Figs. 2113 and 2114, is similar in’ principlo 
to that already described; but instead of being desigued for reheating fvot-warmers carried 
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in groups on tricycles, it is arranged to deal with such warmers arrauged iu a single ruw in a 
rack R, which fixes their position with respert to the pendent pipes p of the aliding frame F. 
Fig. 2113 shows the apperatus with the sliding frame in its hishesat position, while Fig. 2114 
bows it in its lowest position, Each pendent pipe pis furnished with o cock, as is aleo the caso 
with the arrangement previously described, no that any number of pipes can be thrown out of use 
when dénitrel. An apparatus of this type, worked in connection with a steam boiler having about 
160 el ft. of heating surface, will reheat about 150 foot-warmera an bour. 

The following table, showing the length of line open, the number of locomotives, and various 
classes of rolling stork possessed by the principal British railways, on the Alat December, 1879; 
together with the cost for repaira and renewals from January let to December Slst of the same 
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year; is selected from the reports on railways published by the authority of the Board of Trade 
for the year 1879. 


Any other | Total num- 
ve cath Carriages | ber of Ve- 


Wage | hiclesof all 
lal ng Other | used for the oe : 
used for Vehicles | conveyance | 8° sy aa descriptions 


























Midland Great Western o | 98 ico} 128 1,911 105 


4 
+ 
: 
} 


Ireland ..00 6.006. 0 2.) 425 
Waterford and Limerick 210 


a. 


2,304 
34 68 44 GAZ 854 


4 


I h of 5 for the con- 
Name or Comranxy. pane open | Locomo- oe ae ek ac Railway, | veyance of 
Dee. 31, tives. | Passenge oe  gale Ge not in- { Passengers, 
1879, only. Trav. General | cluded in Live Stock, 
* | Merchan- re hl Pipeg oer 
4 ise, Ballast, 
columns. &c. 
t 
| aiites. No. No. No. |! No. No. No. 
England and Wales :— | 
gate RS 87 87 6 | 536 21 600 
Se 8 e ee « 
Cambrian... 5... .. | 180 48 95 25 | 1,416 10 | 1,591 
Seenite Lines Committee Bh ‘ aee | site Hee 
estiniog .. ae 4 , 
Furness’. 1... f 128 113 193 83 | 6.450 60 : 6,786 
Great Easten .. 0 .. 0 0. ) 988 569 | 1,561 816 : 10,955 489 | 13,821 
Great Northern... | 717 637 | 1,406 440 ‘15,406 | 1,637 ‘ 18,889 
Groat Weatern.. .. .. ' 2,146 | 1,550 | 2,812 | 1,448 * 31,589 | 1,690 - 37,539 
Tancashire and Yorkshire 473 | 718 1,826 383 ; 18,534 ; 20,743 
Londofiand North-Western 1,730 | 2,247 | 3,453 | 1,855 , 40,660 | 3,935 , 49,933 
Londonand South-Western 719 404 1,534 596 | 6,104 534 8,768 
London, Brighton, and | ; | 
: South Const... .. 2.) B31 331 | 1,672 468 | 6,034 339° 8,513 
andon, Chatham, and | 
Dover... we ce | 159 162 | 757 155 ; 1,667 102 ° 2,681 
Manchester, Sheffield, and ; 
Lincolnshire.. .. .. | 275 | 425 | 523 | 241 10,687 | 217 © 11,668 
hat ala and Carlisle... | 41 | rr ae 15 Sa 9, 1, a 
etropolitamn =... .. 0 6. 16 3 9% 
Metropolitan District .. | 1) 80 188 19 | 207 
Midland ..  . 4. 0... 1,829 ; 1,421 | 2,413 | 1,181 ; 31,903 | $5,497 
North-Eastern... 4... , 1,474 | 1,368 | 1,850 709 } 73,039 | 75,628 
North London... .... 3 12 RG 494 92 394 178 1,158 
North Staffordshire... | 195 125 241 87 4,961 60 5,349 
Somerset and Dorset —.. r 91 | 33 82 38 859 35 1,014 
South-Eastern... ..  ..' 334 | 298 | 1,481 468 4,285 292 6,526 
Taff Vale... .. .. ..{ 86 | 10 124 34 | 2,319 183 | 2,690 
Scotlant :— | | 
Caledonian site | 851 | 684 | 1,198 431 | 40,955 636 | 43,220 
I uth-W’ {- | ! 
pene ge - oe oe | $25 : 280 619 205 | 11,022 304 | 12,150 
Great North of Scotland | 286 | 62 200 80 | 2,029 28 | 2,337 
Highland... ..0 .. 0... j)0 402 [| 7 203 78 | 2,324 46 | 2,651 
North British .. 4... 940 | 511i | 1,249 43% { 26,035 152 {| 27,870 
Ireland :— | 
Belfast and Northern | ; 
Counties ee: eh, 28 151 44 126 42 | 1,117 31 1,316 
ee aera ian inas 135 | 49 185 26 699 20 930 
cre ae ae e686 oe ee e i ‘a 
Great Northern of pt pois | 494 | 126 273 156 2,705 123 $3,257 
Great Southern and West- 
ernofIreland .... | 478 | 152 27% 161 | $8,037 127 | 8,597 
| 


} 
‘ 





In Fig. 2115 ia ahown a vertical cross section of Thamm and Rothmuller's heating apparatus, 
which ie vory largely adopted in Austria; and the mothod for tixing the apparatus to the carriayes 
ie shown in Figs. 1966 and 1967. bee 

By means of vertical and horizontal partitions, a kind of box or casing is formed beneath 
the underframe of the carriage, this casing containing, in the contre, the heating ap us proper. 
This apparatus consista of a horizontal sheet-iron cylinder G, with a door at one end, and contains 

‘@ cage or grated box for the fuel, this box having a cover of iron wire. The fuel employod 
consists of a mixture of charcoal and coke, and the air for supporting combustion cae through an 
» Y 
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ash pan riveted to the bottom of the cylinder G, the amount of air admitted being regulated A 
adjustable slides. From tho inner end of the cylinder G, the products of combustion are led o 
through a copper pipe P, which passes out through the wooden casing, and is provided at ite end 
with a kind of hood i. so constructed that the draught of air rushing through the hood, when the 
carriage is in motion, produces a current in the pipe P, and thus creates a draught through the 
apparatus. Over the cylinder G is placed a casing or mantle of sheet iron, of ABaer which is 
provided with a couple of branch pipes or fiues F, extending right and left to the bottom of the 
compartment ; holes admit the cold air a115. 
from the carriage to this casing, where 
it is warmed and returned to the carriage 
through the pipes above mentioned. 
The heat radiating from the apparatus 
and the pipes warms the air enclosed in 
the external casing, openings in the 
floor allowing this warmed air to ascend 
into the carriage. At the two sides of 
the apparatus are trumpet-mouthed 
tubes for collecting fresh air for admis- 
sion to the carriage, these tubes com- 
municating with a hollow protecting 
partition which is placed directly over 
the combustion cylinder, 80 as to protect ; 
the underframe from the heat radiated by the main part of the i gaat ; and the fresh air, heated 
by traversing this partition, is admitted to the carringo through suitable ventilators; ventilators 
being also fixed near the ceiling of each compartment for the escape of the fvul air, and for regu- 
lating the temperature. ; : : 

Twenty pounds of the mixture of coke and charcoal is found to be sufficient to maintain ina 
carriage, a temperature of 55° Fahr. during a ran of twelve houra, whatever may be the external 
temperature, the apparatus requiring no attention during the run. This apparatus also affords 
good ventilation for the carriages, the temperature near the floor being always higher than near 
the roof. The arrangement and method of fixing this apparatus is such that access to the dmw 
springs, and the like, ia readily obtained. ; ; 

Liyhting Raitray Carriages —Pintsch's oil-gas apparatus is illustrated in Figs. 2116 to 2118. 
This system of lighting is extensively employes. ; 

The oil-gas making apparatus consists of banks of double-story retorts, 10 in. in diameter, 
arranged as in the section Fig. 2118. The oil, which may be any cheap hydrocarbon, is introduced 
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in a small stream from a minutely adjustable cock, attached to a small cistern A thees 
cisterns being placed over exch pair of retorts, into a funnel leading into an tron tra Y sich eetaine 
the oil until it is evaporuted, and it thon passes through the lower in which the process of 
Volatilization is completed. The adoption of this me of fecding in the oil makes the removal 
e 
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of the oi) coke easy, prevents the cold oil from falling on to the hot iron of the retort, and permits 
the distillation of a larger quantity of oil than could be done in two separate retorts; and the 
arrangement moreover secures a higher teraperature for the final conversion of the oil vapour into 
gas, and prevents the formation of smoke. One set of four retorts will produce, according to the 
quality of the oil, from 3500 to 4000 cubic feet of gas in ten hours, or sufficient for one light for 
5000 hours, orif the retorts work continuously they produce enough for one light for 12,000 hours. 
The retorts arc heated in the ordinary way by coke fires beneath. From the retorts the gas passes 
through a short longth of pipe, past a tar well, and thence to a purifier of simple construction, 
carrying trays of sawdust and lime, and on to a gas-holder or gasometer. From this gasometer the 
gas is pumped as required and compressed by compressing pumps, which force it into reservoirs at 
& pressure of about ten atmospheres, these reservoirs varying in number according to the number of 
carriages which it may be necessary to fill at any one time. The pumps employed for compressing 
the gas into the reservuirs do not act directly on the gas, but on oil which rises and falls with the 
motion of the pistons. From the reservoira the gas is passed from stand pipes, fitted with small 
strong cocks and very strong indiarubber hose, to the receivers placed under the frames of the 
bashed carriages; and from these receivers it is led by stout }-in. pipes to the lamps in the roofs of 
© carriages. 

The receivers, of which one or two are fitted to cach carriage according to the length of journeys 
to be made, the length of the carriages, and the arrangement of the brake fittings, vary in diameter 
from 10 in. to 20 in., and in length from 5 ft. to 12 ft. These receivers must be well made and of 
the very best material, otherwise they become leaky under the constant vibration and jerking of the 
vehicle ; the plates vary from { in. to } in. in thickness, and are very carefully and slowly bent; while 
in addition to being carefully riveted und screwed, the end joints are afterwards soldered up and 
every rivet head and screw head soldered over, in order to secure a perfectly ferent veasel. 

At a systematically arranged filling station, filling posts are placed at a distance apart equal to 
about that of the centres of the carriuges of the ordinary lengths. Although the gas is compressed 
in the reservoirs up to ten atmospheres pressure, it is only passed into the carriaze receptacles to a 
pressure of six atmospheres, as indicated by an attached gauge. 

Between the carriage receivers and the roof aa is placed the regulator, Fig. 2117, which 
constitutes one of the essential features of the whole design; and through this regulator the whole 
of the gas has to pass before reaching the lamps. This regulator consists of a cast-iron vessel, 
about 12 in. in diameter and 6 in. in depth; the upper part being closed by a membrane of 
apecially prepared sheepskin, to the centre of which is fastened a rod connected ut ites lower end 
with the lever which controls the regulator valve; this lever is also controll-d by a double-leaf 
spring acting in opposition to the membrane, and by this mceaus the regulator valve is absolutely 
independent of the movements of the carriage, so that the accidcntal extinction of the light never 
takes place. The gas passes the valve, which is adjusted for a pressure of only that due to a 
§-in. column of water, and when this pressure under the membrane is reached the valve is closed, 
and the proe:sas of opening and closing is repeated uvtil a balance between the admission and 
consumption is obtained. 

From the regulator a }-in. pipe carries the gas to the roof of the carriage, a cock being provided 
by which all the lights may be extinguished at once; but separate cocks are fixed to each burner, 
ao that one or all may be extinguished. No pipes larger than } in. in internal diameter are 
employed, and all are very thick. The cas itself being very pure and permanent, no trouble has been 
experienced by the clogging of the pipes. Almost all the jointa arc made with small flanges, and 
no running sockets aro used, the joint being made by a combined lead and indiarubber ring squeezed 
between the flanges. 

The lamps used with this system, Fig. 2116, are somewhat similar to those uscd for the coal- 
gas light, but the glasa globe is amaller; the hole in the reflector is but a small slot, instead of 
a round, funnel-shaped chimney ; and the reflector is convex instead of concave, as elsewhere used 
in lampa, and the light is therefore much more effectually dispersed. The bracket carrying 
the burner is hinged at the upper part, eo that it may be turned up for cleaning the glass; while 
the glass bowls if broken can te replaced in a few minutes. 

8 regards the cost of lighting with oil gas ; it was found by the London Metrupolitan Railway Co, 
that the gas can be produced at the rate of 16s, 53d. a 1000 ft., and that the consumption a light an 
hour ia 0:5983 of a eubie foot. The cost of oil as compared with gas on this system is thus 
aa 8:65 to 1. A further great source of saving which belongs to the use of high-pressure gna, arises 
from the length of time which cach carriage supply will last. On the Metropolitan Railway it ie 

__] to fill the coal-gas receivers at the end of each journey ; the compressed oil-gas receivers are 
only filled once a day; the saving in labour, time, and leakage, from this difference alone is 
therefore very great. 

Fi 2119 to 2125 relate to the apparatus designed by G. Westinghouse for lighting with 
gas; the apparatus being worked in connection with his brake. Fig. 2119 isa longitudinal section 
of a carriage, showing the form and size of the carburating reservoir, and the arrangement of pipes 
and regulator; Fig. 2120 is a crees soction of same; Figs. 2123, 2124 are enlarged views of the 
regulator; Fig. 2122 a detail of the same; Fig. 2121 shows the lamp in the carriage with its 
connections: and Fig. 2125 is an enlarged view of the lamp, half in section. 

The carburntor f is a tube about 6 in. in diameter and 12 ft. long, secured to the underframe of 
the carriage. Atone ond of the carburntor is connected the regulator c, by which the admission of air 
to the carburator is controlled, and upon tho action of which the proper working of the apparatus 
depends. The air 48 through the regulator c, either from the main air pipe of the carriage, or 
from a amal] aapplenicntary reservoir a, according to circumatanoes, and traverses the carburator 
f, which is filled with sawdust, cut sponge, felt, ooke, or other suitable material, the whole being 
saturated with gasoline or similar oil. The or ieee into the carburator under a suitable pressure 

@ ot one end advances between the interstices of the material, and becomes changed ~ a ae iNhumi- 
Y 
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nating gas by tho time it reaches the other end of the carburator, a pipe g from which conducts it 
to the points of consumption. aw ~ 

The regulator or reducing valve c, which is to an enlarged scale in Figs, 2123 and 2124, is circular, 
and made in hulves, bolted together so as to enclose a shallow circular chamber, which is divided 


2125. 


2121. 


2134. 


ah 4 ‘” 


2a 





into two parts by means of a leather diaphragm bolted between the flanges of the re 

This diaphragm is reinforced by @ circular brass plate, the two edgrs of which are tu ag 
that the leather ahall not be injured; in the centre of this brusa disc is fastened a «mall vtom 
pierced with a minute hole, so as to extablish a communication with both sides of the diaphragm 
and extended so as to enter a hole formed in the screwed stud, tho position of which oan be 
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regulated from the outside. At its outer end the hole in this stud is enlarged to form the seating 
for a valve riveted to a curved spring and shown in Fig. 2124. In one half of the regulutor casing, 
and on the outer side is a socket, through which passes the above-mentioned screwed stud, and is 
capable of compressing a spiral spring, which bears also against the centre portion of the diaphragm, 
or rather against a collar upon the stem i. On the other half of the casing is a projection, to which 
is secured a cock o and smull valve chamber. The opening controlled by the valve p is that com- 
inunicuting with the main air pipe, the other gues to the supplementary reservoir a already 
reforred to. A passage controlled by the cock, connects these passages with the chamber of the 
regulator; and another opening is used for Ictting the air pass on to the carburator. 

It is customary, under ordinary circumstances, to draw the supply of air from the main pipe, and 
the supplementary reservoir is kept constantly full from the same source; but if from any cause, 
exch as putting on the brakes, the pressure in the pipe is reduced, the air passing from the reservoir 
instantly shuts the cluck valve p of the branch leading to the main pipe, and the carburator 
continues to be furnished from the cylinder till pressure is once more restored in the main pipe, and 
the check valve is reopened. The valve which serves to admit air in the regulator is shown ut J, 
Fig. 2123. It consists of a stem which passes through a gland in the body of the regulator, and 
touches the spring of the small safety valve, when the latter is forced down by means of its own 
eapring. The stem is reduced in section on two sides, so as to leave a passage for the air into the 
chamber 6. To adjust the regulator for working the air admission valve is slightly opened by com- 
pressing the epring, which has the effect of forcing the valve on the stem slightly off ita seat, 
and the second valve is closed, and at the same time partly closing the air admission valve, air then 
flows through the pussage in the stem to the other side of the diaphragm, and escapes through a 
smill hole in the casing. It is evident that the amount of air passed into the carburator can be 
exactly regulated by the amount of opening given to the admission valve, and adjusted by meuns 
of the outer screws. By closing the cock on the casing, the supply of air is shut off and the 
apparatus ceases to act; a tap is also placed on the pipe leading from the carburator to the lamps 
to shut off the supply if desired, and each of the lamps is furnished with a tap. The hemispherical 
glass depending within the carriage, is hinged to the framework on one side. and fastened with a 
spring lock on the other, so that the gas can be lighted with the utmost facility, and the lamps are 
not removed from their places. The top of the lamp forms a reflector, and distributes an even and 
itd ample light through the carriage, which moreover leaves nothing to be desircd in brilliaucy 
and purity. 

tie sas buratats may be charged to last for two wecks without renewal, and the operation 
of lighting is simply that of turning a tap and applying a match, consideruble time and risk 
of breakage and other damage are avoided. 

SANITARY ENGINEERING, 

The methods which have been proposed, or adopted, at various times, for getting rid of the excrete 
and other household and trade waste from a community are numerous. Of these we may enumerate 
burning, Sara conveyance, deodorization aud disinfection by earth, and removal ty water, 
wach of which has its advantages, but none of these answer every requirement for the removal 
of town refuse effectually. Every one of these methods may, under certain circumstances. be 
utilized with advantage cither separately or conjointly with water carriage, but it will be found 
that the latter system, properly carried out, is, where it can be adapted, the best adapted for the 
purpose. The worka necessary fur the drainage of a town are the drainage of the surface, that of 
the subsoil, and the removal of liquid and semi solid refuse. A drain is a conduit, inteuded only for 
the under drainage of the soil, and is made porous and open at the joints, sv as to draw in as much 
water as posible, its purpose being to draw out of the land, through which it passes, the water wlich 
ie in that land, and, aa far as capillary attraction and other circumstances will permit, to thus 
reInove the wetness caused by it. A sewer should have but one function to perform, that of con- 
veying sewage, and therefere should be thoroughly water-tight, 60 as not to either leak into or 
reooive water from the surrounding soil. In considering at large the question of draining a district 
the principal points to which atteution should be directed are, the geological and pliysical charac- 
teristics comprised within the area to be dealt with, the water supply and the rainfall ; with the 
proportion of the latter it is proposed to deal with by means of a sewer, the locality for the outfall, and 
the methed of treatment proposed fur sewage, together with correct estimates of buth the present 
nutnber of the population and its probable increase, The district muet be carefully surveyed and 
the levela noted, whilst the same operation sLould be conducted with such portions of the sur- 
rounding neighbourhood as are likely to affect the plans. This is all the more necessary since it 
frequently happens that trom its peculiar conformation the district may be liable to drainage fiom 
other arcas which will materially affect its own system. Plans submitted to the English Local 
Government Board are usually prepared acconling to the following instructions, which are due to 
their cminont engineer, R. Rawhnson, CB. A general plan exhibiting the area which will be 
affected by the proposed works, should be laid down to a scale of not Jess than 2 ft tea mile. It 
should have figured upon it the levels of the centres of all streets and roads at their intersections 
and angilea, ana at every change of inclination. Where a district is near the sen it should show the 
high and low tide fevel of the sea, and where there is a river, the summer and flecd water levels 
whould be recorded. Permanent bench-marks, having reference to the surface levels, should be cut 
en public buildings throughout the district, und aleo be marked on the plan. Sections should 
accompany this plan, upon which tho levels of the cellars should be shown. Such a plan might be 
used for shuwis lines of main sewers and drains, lines of water pipes and gas-mains. The lines of 
main sewers and drains should have the croas sectional dimensions and gradients distinctly marked 
upon them. Tho dimensions of water and gus pipes should also be shown in figures or by writing. 
A detailed plun for the purposes of house drainage, paving, or the sale and purchase of property, 
should be coustructed toa scale of not loss than 10 ft. to a mile. Upon this plan should be exhibited 
all houses and other buildings, bonch-marks, the levels of strects and ruads, of cellurs, as well as the 


1062 SANITARY ENGINEERING. 


water levels previously mentioned. Three ft. by 2 ft. will bo a convenient size for the shects of this 
plan, and by representing the marginal lines of the sheets upon the general plan, this will become 
a very useful index. As it may occasionally be desired to carry out works piecemeal. with a view to 
gave the time which would be occupied in the preparation of a complete plan from actual survey, it 
will be sufficient, in the first instance, to furnish a general plan of streets and roads only, with the 
surface levels, and those of the dcepest cellars, and the proposed scheme of works shown thereon, 
after which the works can proceed in sections: but with each soparate application for sanction to a 
loan, a correct plan and section or sections should be submitted, accompanied by detailed estimates 
and specifications. Plans of such echemes when submitted to the proper authorities, should be 
prepared to a scale of not less than 4 in. tothe mile. Sections of the works should have a horizontal 
scale similar to that of the plan, with # vertical scale of at least 1 in. to 100 ft., and should any 
alterations be proposed in the water level of a canal, or in the level or rate of inclination of any public 
road or railway, cross sections must also be provided, having a minimum cross section uf 1 in. to 
every 33 ft. and a vertical scale of 1 in. to every 40 ft. 

Towns vary in character of site, as also in form of the surface contour, and, consequently, require 
differing mudes of treatment in main ee eerine tv pass subsoil, surface, and sewage waters safely. 
Some towns, as Portsmouth and Hull, situated on the margins of tidal estuaries, are, for the most 
part, low and flat, whilst other towns, like Brighton, Liverpool, and Sunderland, though ulso 
situate on the sea, or on shores of estuaries, have steep gradients, from which the water falling 
during heavy rains is accumulated and rapidly precipitated, to the destruction of the sewer inverts, 
by the extra scour and wear. Each area, therefore, requires special consideration, so as, in devising 
systems for main sewering, to enable the engineer to adopt such forms of works as shall facilitate 
the due and safe discharge of sewage, with the least injury to the sewers and to the inhabitants. 

The admission or rejection of the rainfall from a system of sewers, depends entirely upon local 
circumstances. Particulars as to the quantity of rainfall likely to occur in a given locality, and 
other matters relating to the subject, have been already detailed at p. 3055 of this Dictionary. 

In addition it nay be fairly estimated that the sewers should provide for removing of rainfall 
an hour, 

Incbea tn depth. 
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In the open country, where the soil is loose and permeable, about one-third only of the rainfall 
finds its way into the watercourser, the remaining two-thirds being absorbed or evaporated. 

In ordinary country towns, depending on the extent of the suburbs and the state of the pave- 
ments, from one-fourth to one-third of the rainfall due to a given period, should be provided to be 
removed by the sewers within one hour after it censes. In large well-paved cities one-half of the 
quantity inay be assumed as passing into the sewers within the rame time. 

Of sewage, the engineer should provide for removing 5 cubie feet a head of men, women, and 
children in 24 hours, one-half to be calculated as paasing off in about 6 hours. The total quantily 
tu be removed should never be cetimated at leas that the water supply. 

The amount of solid matter in town sewage where the water supply is abundant, varies from 1 
part in 300 to 1 part in 600. 

As regards the number of the population to be provided for, in old and setthd countrics this ie 
not a difficult matter, since the census returns are generally acceasible and fairly accurte. In 
England the population may be readily estimated by ascertaining the number of inhabited houses, 
and multiplying this by the average number of inhabitants whe were found to dwell in cach house 
at the last census. Tiis may aleo be approximately arrived at by estimating that six persona 
inhabit each house. 

To determine accurately the size and inclination of the common sewers it may be intended to 
construct, it is necessary to have reference to the amount of foreign water and solid matter which 
will be brought into them in addition to the quantity and the character of the sewage proper. A 
velocity of 60 ft. a minute will be sufficient for the diseLarge of clear mwage clowly approximating 
ty the character of water, and sewage strained of its coarser particles will flow without diawait with 
a velocity of 90 ft.a minute. Ordinary sewage requires a mean velovity of 150 ft.a minute. Wick- 
steeds experiments showed that a mean velocity of 1374 ft. a minute wonld suffice for the removal 
of heavy sewage matter when the sewer was running full or balf full, but it ia necessary to have a 
velocity in large sewers of 2 miles an hour, or 176 ft. a mimute, when running three quarters full, 
165 {t. when running half full, and 146 1t. a minute when running one-third full, Beardmore Inid 


it down in his * Manual of Hydrology,’ that the following bottom velocitics havo the effect stated on 
the diflerent materials particularized :— 


20 ft. a minute will not disturb clay with sand amd stunes. 


4, . will move along coarse sand. 

wo. ‘ “3 a fine gravel, size of peas. 
Izv, i” e - rounded pebbles, 1 in. diameter. 
Is”, a ys oe angular stones, 12 in. diameter. 


Botton velocity, which imparts the greater motion, differs from mean volocity in the ratio of 
from °75 to "ho-~ way “SO to l—or four-fifths, The greatest discharge from a circular conduit is 
When it in net quite full, that is, when rather better than Oftecn-sixtcentha full, and the groatent 
velority cecura when it is thirtecn-wixteenths full. 


A 2-ft. sewer, if discharging clear sewage with a velocity of 60 ft. a minute, would require e fall 
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of rather more than 1 foot a mile; if discharging strained sewage with a velocity of 90 ft. a minute, 
2% ft. a mile; and if discharging ordinary unscreened sewage with a velocity of 150 ft. a minute, a 


fall or inclination of 7} ft. a mile. 
Table I. gives the velocities of water flowing through and the quantity discharged from 


circular Pipes or culverts a minute when laid at different inclinations, and running half and three- 
quarters 2 
This Table is calculated from Beardmore’s formula, which has been found to be very reliable: 
V = 55/R x 2H. 
R = hydraulic mean depth in ft. 
H = fall in feet a mile. 
V = velocity in fect a minute. 
It may. be desirable here to give thé formula of the four different foreign authorities principally 
rocognized. 
Du Buat’s formula reduced to English measure :—~ 
_ .8070VR-0°1)__ o.gyyH—o- 
V= Ys 7 tWsile ° 3(/K — 0-1). 
V = velocity in inches a second. 
R = hydraulic mean depth = } diameter in inches. 
= slope or difference of level. 
L = hyperbolic logarithm, and found by multiplying the common logarithm by 2° 3026. 
In the following formula English fect are employed ;— 


V being the velocity a second. 
D re diameter 
If ‘ head or pressure } of the pipe. 
L - length 
Prony’s simplo formula :— a 
DH 
V —_ 48 449 aa L sa 


Eytelwecin’s formula, as given by Tredgold :— 
: { DH \ 
nae 5(4/ (carp): 


DH 
The quantities afforded by these formulw were tested by actual discharges and the results as 
tested by Murray, are detailed in Table IL The calculated discharges are given by Du Buat, Prony, 
Eytelwein, and Poncelot respectively. 
Tapie I.—DiscnarGe or Sewers, 


Poncelet’s formula :— 








/  Thameter of -Discha i | 
sper of Length Mad or Promure. | Digtarge Galea Ds | 

in. ft. ft. cub. ft. cub. ft. 
| 2 | 3,300 12°75 | 1-617 1-507 | 
| | , 1-609 i 
1°509 
; ! 1°59 
} 4°5 - 44,930 51-00 /  -11°8383 11°252, 
) ) 11-491 | 
: 3 10-784 | 
. 1i-2s1 ‘ 

| 32-789 3,837 12-90 155° 158° 
i : 145: 
14l- 

12-789 14,963 | 21°582 


111: a. 
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The area of an egg-shaped sewer is found accurately by squaring the radius of the top, and 
multiplying this by 4°6. 

To find the sectional area of the brickwork, inclusive of the invert, the following formula, as 
well as table, have been worked out by Henry Hobson ;— ; 

Let S = equal the sectional area, and let ¢ = the thickness of the brickwork. 


- ge rota (Sr+*6_ (3170 
ss ialcaaad ail a eae, seein. 


H(G+9-G-9)-G)-G-9} 
=Z@rt+m+eGrts t+ (Z—0) tee 


= wit + rt{>* +50} 

= repre {ae +oxe xe 

wt {t+ (rx 2°52416) } 

= 3°14159 x ¢ [t+ (r x 2°52416)} - (a) 


The sectional area thus found, when expressed in equare yards, will give the number of cubic 
yards of brickwork in the sewer a lineal yard. 
The sectional area of the invert a 4 may be found separately, thus: 


(G+) G9)“ -G-9 
=(rt+ @)- (5-8) 


et x 836°874+ 927 
SOA GS ag 


= (rte). (= 3SX*) 


=t(r+ ) x °9273 nearly. (4) 


The sectional arca thus found, when expreesed in equare yards, will give the number of cubio 
yards of brickwork in the invert a lineal yard. 

Table TH. is intended to show the results of the formule, whilst it gives the sectional arens 
of all sizes of cgz-shaped sewers likely to be constructed. No opinion is expressed cither as 
to the limits of size above or below which it may be advisable to construct sewers having an egg- 
shaped crose-section, or as to the thickness of brickwork suilable; it will be scen that cxtreme cans 
have been included. 

The cubic contenta of the brickwork have been calculated from (v), and include the invert. 
The cubic contents of the inverts alone may be found from (4) and deducted from Une amounts 
given in the Table if it be desirable to do so in any particular case. 

‘The arcas and quantitica have been c-mputed to the nearest decimal. 


Tas_e II.—SecrioxaL AREAS OF EcG-aHaren Sewens. 


| Dimension | Areaof | Brickwork in cub. yards a yard ren. 
R | of Sewer Sewer in j.-—— awn : ot 
4 ry 


in inches. acy. f%. 14g" Work. 9° Work. | 139" Work., 


. 
f 











2x18 | 


6" | | 4-150 | -214 ‘527 
7 | Wwx2k | 1565 | +242 582 
Bj 1x24 | 2-044 | 269 | 687 
9 | 18x27 | 2:587 | -297 “692 
10 | 20x30 | 3-194 | 324 747 
| 2x38 | 8-865 | -352 - 802 
12) 24x 35 | 4600 | -379 ‘857 | 
13 | 26x39 | 5400 | -407 | -912 
14 | 28x 42 | G:261 | °434 “907 
15 | 30x45 | 7-187 | -462 | 1-022 
16 | 32x43 | 8:°178 “490 1:077 
17 {| S4x 51 9-232 | -317 | 1-132 
18 | 36x 54 10°350 | °545 , 1-188 
19 | 88x 57 | 1-532 | -572 | 1-243 
20 | 40x 60 | 12°778 | -600 | 1-298 | 2-094 
; 21 | 42x 63 14-087 1353 | 2-376 
22 | 44 x 66 15-461 1408 | 2-259 
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Dimension | Area of 
R. of Sewer Sewer in 

in inches. aq. ft 
23 46 x 69 16-898 
24 48 x 72 18 400 
25 50 x 75 19-965 
26 52 x 78 21°594 
27 54 x 81 23° 287 
28 56 x 84 25°044 
29 58 x 87 26: 865 
80 60 x 90 28°750 
$1 62 x 93 80°699 
$2 64 x 96 82°711 
83 66 x 99 84:°788 
$4 68 x 102 86-928 
35 70 x 105 89°1382 
36 72 x 108 41-400 


Table IIL., relating to egg-shaped sewers, 
the discharge in cubic foet a secund when the 


os 


Brickwork in cub. yards a yard run. 


43" Work.) 9 Work. | 133" Work. 


| 


1:463 
1°518 
1°573 
1°628 
1°683 
1°738 
1°793 
1°848 
1-903 
1°958 
2°014 
2-069 
2°124 
2°179 


t 
\ 


2°342 
2°424 
2°507 
2°589 
2°672 
2°755 
2°837 
2°920 
3-002 
3°085 
3°168 
3°250 
3°333 
3°415 
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T. Hurst, and given in his Pocket-book, shows 
eter of the larger circle C and the inclination 


are given, the sewer flowing two-thirds full, calculated from the formula, 2 = 35 / asd , @ being 


the diameter C in feet. 


from cylindrical pipes of the same diameter when flowing two-thirds full. 


TabBteE ILI.—DiIscHarGeE or EGG-SHAPED SEWERS. 

































































Five-sevenths of the quantity given in this Table will equal the discharge 











spares Fall divided by Length. 
and H 1 

inches. | rads | raion raban | raha | raha | satan | rohas | tafsx  ovalae | raeot | daa vhs 
e ry) | { . 

0 | 17 | 24 | 55 "B4) 88) 42) +45) 48 SL 54! 76 195 
10) *85 | -492 “GL +70} °78 | *B6 5 93. -99 1°05 11) 2°57 1-92 
1 8 "61, -°860 106 | +22 |: 1°37 5 1°50 1-62 1 1°78) 1°83 1°93 | 2°73 8°35 
1 6 | "96, 1°36) 1-67 | 1:93 | 2°16 | 2-36 | 2-55 2°73 2:89 3°05 4°31 5:22 
1 9! 1°42) 2-01; 2°46! 2-84 | 3:17 | 8:47 B75 | 4°01 4°25 4-48 GBH 7°77 
2 0, 1:98, 2°80: 3:43 | 3°96 | 4°43) 4°85 5°24: 5-60 5°94 6-26 8-85 10°84 
2 8; 2:66!) 3°76; 4°60 | 5:32 , 5°94 6°51 | 7:03 7°52 7°93 8-40 11°89 14°56 
2 G6! 8°46, 4°89: 5:99 | 6°92) 7°73 . 8-47 9°15 9°78 10°38 10°94 15°47 18°94 
2 9 | 4°39) G21) 7-60 | 8°78) 9°81 10°75 11-61 12-41 13-17 13-88 19-63 24-09 
8 0} 5°46: 7°72 9°45 | 10-91 12-20 13°36 14-44 15°43 16°37 17°25 24-40 24-88 
8 6 | 8:02 ; 11°34 ° 13°89 | 16-04 17°94 19°65 21-22 22°69 24°06 25°37 35°87 43-93 
4 0 | 11°20 , 15°84 19°40 | 22°40 25°04 27°43 29 53 31-68 33-60 35-42 50°09 61-34 
4 6 | 15-03; 21-26 26-08 | 30-07 83-62 26°K3 99-78 42°52 45°10 47°54 67°24 82°35 
5 0 | 19°57 | 27°67 | 83-89 | SY'13 43°75 47°93 51°77 55-34 58°70 61°87 87°50 107-2 

' { ' i } , 

Diameter 

fg | Fal) divided by Length. 
ed ares Ee es eee a ae ae 
inches. )  valtra idha | 7 ee ee ee, | véhs | rda tis | 1. ne cr ee tot 

a re ee ee eee ee | | 

0 9) 1°08) 1°21, 2°82) 1-48) 1°52!) 162° 1°70 2-41 | 2°95 8-41 3°81 
10; 2:21, 2:47; 2:71. 2:99, S913: 8-82. 3:50 4°95; G06 7-00 7°83 
1 8) 3°87} 4°32) 4°74 > 2°91 | S47) 5°80 Gell 8°65 | 10°59 12°23 13-67 
1 6{ 6:10: 6:82; 7:47 8-07 | 8°63) 915 GG 13-64, 1O-FL 19-24 21°57 
1 9} 8°97 | 10°03; 10°98 11-86 | 12-68 | 13-45 14°18 20°05 | 24°56 28°36 31-71 
2 0} 12°52 | 14°00) 15°34 -16°5G 17°71 | 18°78 19°80 26-00 © 84°29 89°60 44°27 
2 3! 16-81 | 18:79 | 20°59. 22 24 | 23°78 | 25-21 | 26°58 87°59 | 46°03 SRO 59-43 
2 6 | 21°88 | 24-46 | 26°70 BRE | BODE | 82-81 | 94°59 ANZ | 5U-91 69°18 77-34 
2 9 ' 27°76; 31:04 | 34-00 , 86°72 | 89°26 | 41°67 48°89 62°07 | 76°03 | 87°79 98°15 
3 0! S451 | 38-58 | 42°26 | 45-65 | 48°80 | 51°76 | 54°56 T7716 | 94°50 TOLD 122-0 
8 6 | $0°73 | 56°72 | 62-13 | G7-22 : TIU74 | 76°10 | B02 11B-4 188-9 TO Wd 
4 0 | 70°83 | 79°20 | 86°75 93°71 100°% 1106-3) 132-0 158-4 119470 224-0 250°4 
4 6 | 95°09 (106°3 (116°5 (125°8 \194°5 3146-6 150°3) 212-6) 260-4 (S00°7 336-2 
5 0 ae |188°3 jisi-e lel paps as 195-7 276°7 pee ake ‘aida 

i | 
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House drains leading from water-closets should be 6 in. diameter, and laid with a fall of not 
less than 1 in. in 10 ft., and where possible 1 in. in 5 ft. Branch drains from sinks may be 4 in. 
diameter, with a fall of 1 in. in 6 ft. 

A velocity of about 3 ft. a second is required to keep house drains clear and 2 ft. a second for 
main sewers. These velocities should bo increased for small pipes, say, for house drains undor 
6 in. diameter, and for mains under 12 in. diameter. 

souls IV. shows the full to be given to cylindrical sewers flowing one-half full to ensure these 
velocities. 
TaBLe [V.—Fauu FoR CYLINDRICAL SEWERS, 





Velocity | Dlameter Velocity | Velocity | 
y 














Diameter Velocity | 
of Sewer. ( 32 ft. a second, 3 ft. a second. of Sewer. 2 ft. a socond. 3 ft. a second. 
inches | | inches : ; 
4 1 in 200 1 in 100 i 15 1 in 700 | 1 in 350 
6 | 1 in 300 1 in 150 ; 18 1 in 900 1 in 450 
9 | 1in450 | 1in225 | 24 | 1in1200 | 1 in Goo: 
2 | Lineoo | 1ing00 7 80 | 1in1400 | 1 in 700 


Except where sewage is used for irrigation, all rain water should, as a rule, be allowed to pass off 
by the sewers, for the purpose of flushing them. 

The formula used for calculating the size of open channels and pipes for water supply applies 
aleo to sewers, except that the latter are usually taken as flowing from one-half to two-thirds full. 
In which case the value of R must be found by dividing the area of the transverse section of the 
part filled by the girth of the bottom and sides which are in contact with the sewage. In 
eylindrical pipes, flowiug one-half full, R = one-fourth of the diameter, the sume as for pipes entirely 
filled; when the sectional area of the sewage is two-thirds that of the pipe, R =diameter x 292; and 
when three-fourths, R = diameter x 296. 

For egg-shaped sewers, of which the conjugate diameter is 1} time the transverse diameter, 
when flowing about two-thirds full, the following formula may be used. 


V=15'8 ,/dB, 
Q = 11°56 ,/ a8, 


d being the transverse diameter in inches. 

Other forms of sewer may be calculated by the formula for i channels. 

The natural drainage contours of a district are usually best adapted for the main lines of sewers 
and the same levels will also give the lines in which storm water overflows will have to be consatructod. 
Ordinary sewers are usually laid in straight lines, and a manhole arranged wherever a lateral 
deviation occurs, whilst lamp boles or ventilators are requisite at every point where tho sewers 
deviate vertically, which are subject to a change of gradient. 

Figs. 2126 to 2146 afford illustrations of these arrangements. 

The materials used fur sewers consist of bricks laid in cement or hydraulic lime mortar, stone- 
ware pipes, and concrete, used separately, or in conjunction with bricks and pipes. Iron also is 
used where the sewer has to be taken through unsound ground, under rivers, and in special cases 
through closely inhabited districts. 

In the construction of brick sewers bricks of the best quality should be used. They need 
not necersarily be radiated bricks, but they should be well burnt and well shaped, and posacas 
adhesive qualities ; fur although the pressure of the outer earth apon the sewer may be groater than 
the internal preasare of the eewage outwards when the sewers is full, it is not the lesx nocessary 
that the cement or hydraulic lime mortar in which the bricks are laid should adhere to the bricks 
where a water-tight condition of sewer is a paramount object. Il-burnt anid soft bricks should be 
most stringently rejected. Rough bricks, even if well shaped and well burnt, should not be ased 
for the internal lining of sewers, as the suspended matters of the sewage will cling to them, and 
ultimately coat them with putrescible substances. The London stock brick forms a vory gond 
sample of a suitable brick for sewers. Some engincers prefer the Gault brick, but though it 
eel a comparatively smooth surface, and therefure can be advantageously used for the inner 

ining, its lack of adhesiveness does not recommend it. The blue Staffordshire bricks and firecla 
bricks glazed on one edge, form superior inverts, and being very bard, strong, and smovtb, will 
resist erosion. They are to be preferred to the glazed invert blocks, which have been much recom- 
mended by some persons. Figen. 2149, 2160, 2163 are various sections of brick sewors, 

The cement or lime used for the mortar in the building of brick sewers should be selocted with 
pfreatcare. The former should be Portland cement weighing from 110 1b. to 112 Ib. to the atriked 
bushel, and it should be used in the proportion of L of cement to 1 of clean washed saud. If 
lime be used at all, it should be the best hydraulic or blue lias lime. Roman cement, which sets 
more quickly than Portland cement, may be usefully apphed as an inside rendering. There is 
nothing connected with the construction of brick sewers of more consequence than the mixing of 
either cement or lime mortar, and when properly mixed it sbould be used immediately. 

If the sewer ia constructed below the ordinary level of subsoil water, the utmost care is required 
to keep the work in hand above water by pumping until the cement or lime has becomo act. 

None but the best-formed and burnt stone or carthcuware pipes ought to be used for sewors of 
any size. Stoneware pipes are tu be preferred to those mnde of fireclay, though if the latter are 
well made and well burnt they are very suitable. 

The thickness of fireclay pipes should be greater than that of tho best stoneware. With tho 
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lattor, the thickness should never be less than one-twelfth of the internal diameter. In the smaller 
sizes this proportion must be increased. A 4-in. pipe, for instance, should be at least half an inch 
thick, while a 18-iu. pipe need not be more than 14 in. thick. The depth of the socket should 
increase with the diameter of the pipe, nothing less than 14 in. being sufficient in the smaller pipes, 
and something more than 2 in. being desirable when the diameter exceeds 12 inches. 

In laying both the stoneware and the earthenware pipes, the joints should in all cases be 
caulked and tarred with gaskin, and laid and finished with cement, or in some cases clay, in order 
that they may be water-tight. If the cement or clay cracks, which it may do, the gaskin may pre- 
serve the water-tight condition of the joint, and is very effective in excluding sand, even if subsoil 
water should penetrate. Great care is necessary to prevent the pipes moving before the cement has 
become perfectly sect. 

Although the preferable joint may be made of tarred gaskin and cement, many engineers con- 
sider that if the jointing is carefully performed, puddled clay is all-sufficient for the purpose; that 
ominent authority, J. Bailey Denton, is however of opinion that this material cannot be depended 
upon. When the soil is cither always dry, or at one time comparatively dry and at another wet, 
and auch conditions of soil, it should be borne in mind, invariably prevail to some extent in the 
sites of all towns, clay is the worst jointing material that can be used. In winter the subsoil water 
rising in tho ground will probably keep the soil surrounding the sewers moist and the clay puddle 
in a state of expansion, while in summer the reverse condition will prevail; the subsoil water will 
then sink from the effects of evaporation, the soil will become dry to the invert of the sewer, and 
the clay puddle will contract and Iet the sewage out of the sewer. When once tiis natural result 
has beon produced, all chunce of a water-tight condition recurring will be destroycd. If a sewer is 
jointed with clay puddle at no greater depth than 5 ft. from the surface, it must inevitably be leaky. 

Particulars relating to earthenware pipes have already been given at p. 2656 of this Dictionary. 
With regard to best Portland cement, pipes made of this matcriul are about the same expense 
ag the best carthenware. The smaller arc rather more expensive than earthenware pipes of 
the same size. They have, however, some advantage not posscased by pipes that have been sub- 
jected to great heat in the course of manufacture, that is, they are perfectly true in section. The 
pipes are made of one part of best Portland cement to three parts of prepared ballast, with only 
sufficiont water to effect the proper adinixture, and subsequently mechanical means are adopted for 
filling the wrought-iron moulds, which secures the complete filling of the moulds without the 
presence of air holes. After the pipes have been thus prepared they are submerged in a bath of 
silicate of soda. By this means any free lime or alumina would thus form insoluble compounds of 
silicates of lime or alumina. In the jointiug of a cement pipe with cement, there is a considerable 
mivantage; a simple ogee rebated joint in a cement pipe when luted with neat cement requires a 
very considerable force to draw the pipes asunder, and answers every purpose. The material of 
which « cement pipe is made is by no means brittle, as a blow thut would shiver an ordinary 
earthenware pipe would simply drive a hole into a silicated concrete pipe. A concrete pipe is 
capable of withatanding the jars arising from heavy traffic over the streets even better than an 
earthenware pipe, but its value very much depends upon the intelligence and care with which the 
conercte is manipulated. 

When laying pipe sewers, to be jointed eithcr with cement or clay, care should be taken to 
hollow out the bottom of the trench at cach joint, so that the full length of the pipe between joint 
and joint may have a perfect bearing on solid carth. Much depends upon the laying of the pipes 
in true posiow Wherever the size of the pipe will admit of it, a man or boy should be employed 
inside the pipes as they are being laid, tv make good, with some of the best of the jointing material, 
the inside of the joint. 


If there is any duubt about the efficiency of the tarred gaskin and cement to form a perfect joiut, 
a band of concrete must be resorted to ag an additional precaution. 

In Figs. 2147, 2148, illustrations are given of sewers formed of a ring of 44-in. brickwork 
surrounded by concrete. Ballast of a very clean description, and cement of the best quality, well 
mixed in the proportion of 8 of ballast to 1 of cement, and quickly used, will give a very fair 
result; though where there is any doubt as to the quality of the constituents, the proportions may 
be advantageously altered to Tor 6 to lL. The composition may also consist of mortar, made 
in the proportion of 3 of sand to 1 of good hydraulic lime, mixed with the same bulk of shingle 
or washed gravel, When prepared, it should be rammed into form while in a wet condition, and it 
is better to use the concrete in tow wet rather than in too dry a state. 

There will seldom be a sewage work, however small, in which iron pipes will not be used in some 
porta of the worka, either in crosaing under rivers, or from one side of a valley to the other, or in 
passing through unsound ground, or in other special cases. To secure the requisite thickness of iron 
pipes for any special purpose, it ia desirable to make a liberal allowance for possible defects, and 
all pipes should be tested before use by hydraulic pressure. It has been laid down that the resistance 
which a pipe offers to the internal pressure tending to burst it, is equal to the cohesive strength of 
ita two sides, aud the effective area of pressure is the internal diameter of the pipe, and some very 
useful data upun this subject have already been given in thia Dictionary. 

Wrought-iron tubes are very useful for special crossings where a girder form of construction can 
be adopted, such as, for instance, when crossing rivers where supporting piers would be objectionable. 

One method of crossing a river is to support the tube by brick piers and concrete; the tube 
being wholly surrounded by concrete in its bed under the river. Between the flanges of the tube 
vulcanized ‘ adiaribber washers three-eighths of an inch thick are placed, and these are screwed 
together by five-cighths bolts and nuts. ; ; 

Two other means of crossit}: under rivers by iron pipes, are by tubing in a straight line from 
chamber to chamber, aud by a deflection. In the latter case, a chain may be placed inside which 
may atany time be drawn backwards and forwarde eo as to atir and sct in motion any sedimentary 
substanoce which might possibly deposit themselves and adhero to the pipes. 
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There have been objections raised from time to time to the taking of sewera under rivera by 
inverted syphons or deflected pipes, but they have been advanced more from prejudice than from 
pee experience. In many important towns, in this and other countries, sewage has been taken 

y these means from one side of a river to the other without difficulty. 

The following brief memoranda as to materials is due to R. Rawlinson :— 

The bricks to be used in sewer construction should be well burned and sound. For circular 
and egg-shaped sewers the bricks should be specially moulded to suit the radius lines the beds must 
take in the work. All bricks should be thoroughly wetted before use. 

Mortar for sewer works in all cases should be capable of setting in water. Portland cement and 
lias limes make good hydraulic mortar. The proportions of cement, or of lime to sand, should 
not exceed 24 of clean sharp sand to 1 by measure of grvund Portland cement or lias lime. If 
clean furnace ashes or slag are available, there may bo 2 of sand and 4 of ashes or slag, the whole 
to be mixed in a revolving pan, each panful to have 20 minutes’ grinding. 

Concrete should be made with Portland cement, with lias lime, or with other equally good 
hydraulic lime, in the proportions as under. 

For the best concrete, out of which to mould manhole inverts or to form sewers, let the propor- 
tions be 5 of gravel and sand to 1 of fresh cement or lime by measure. 

For foundations, backing to side walls, and coverings to arch spandrils, the proportions may bo 
7 of gravel and sand to 1 of fresh cement or lime by measure. 


2126. 2127. 





2129. 


Concrete for filling in trenches over sewers and drains, or where required in large masnca for 
foundations, may be made with 9 of gravel and sand to 1 of fresh cement or lime by measure. 

The gravel may be substituted or be mixed with broken atone, broken tiles, or broken bricks, 
the largest portions be capable of passing through a ring of 13 in. fh diameter. The sand should 
be clean, charp, and in the proportion of 1 to 3 of the gravel. The whole lime, yravel, and sand 


whould be fully mixed i d ; : 
being placed ftieaue state, and then be wetted by sprinkling with water, preparatory to 
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Where concrete is substituted for brickwork in retaining walls, or in walls of tanks and 
reservoirs, the concrete should be one-third thicker than brickwork, that is, where a retaining wall 
is required to be 3 ft. thick if of brickwork, it should be 4 ft. thick if of concrete. 

Retaining walls to be safe should have cohesion and gravity equal, at the least, to four times 
the moving weight to be retained, and should have drains through their substances, from back 
to front, to permit of drainage, and prevent any accumulation of water behind the retaining wal]. 

When mortar is used with bricks, the beds and joints should be spread thick and full over the 
entire arca of both bed and juint, leaving, when pressed into place, a bed and joint never less than 
one-eighth of an inch in thickness of mortar. In 4 cubic yards of completed brickwork there 
should not be less than 1 cubic yard of mortar incorporated. 

Portland cement concrete and mortar may be so used in main-sewer construction as to form a 
Lower which shall be water-tight, retaining sewage and excluding subsil water. Within the 
excavated trench form with concrete a bed for the brickwork. Float this bed of concrete over with 
a rp nd of Portland cement mortar not leas than 1 in. in thickness. Set the invert and side-wall 
bricks in a single ring of 44 in., and then give this a covering of mortar similar to the first bed over 





the conerete, and set the inner 44 in. of brick upon it; the work will then be 1] in. in thickness,— 
9 in. of bricks, 2 in. the two beds of mortar. The upper portion of the sewer to be constructed in a 
similar manner if the subsoil water is liable to rise above the top of the sewer, Brick-sewers 
carefully coustracted in the manner indicated will be water-tight. 

In making mortar or conerete, it will be of the utmost importance to use clean materials and to 
reserve them clean: the wator used for wetting bricks and for mixing ooncrete and mortar must 
» free from silt. Concrete and mortar should also be used on clean surfaces, 

Sewers from 1 ft. to 3 ft. diameter, if required to be water-tight, may, with advantage, be con- 

structed partly as a concrete pipe, moulded true to shape and size. 
‘ Pelt timbering of excavations during the laying of sewera will be found described under the head 
of Carpentry. 

When artificial foundations have to be constructed in unfavourable situations, a good foundation 
may often be secured by deepening the sewer trench, and filling it up to the level of the sewer; 
in districts in which rubble-stone or boulders are plentifal, rough rubble walling may be resorted 
to; a continuous wall of concreto may be constructed underneath, or piers of concrete arranged at 
intervals along the course of the sewer, connected by brick arches, The arches, as well as the piers 
may be constructed of cuncrete, the carth being oxcavated ao as to form the natural centre for the 
concrete arch. 

Figs. 2126 to Fig. 2129 are plane and sections of a manhole at the junction of two sewers enter- 
ing into e pipe sewor, which is turned at d right angle, paving an arrangement for flushing. Fig. 
2126 is a plan at A A, Figs. 2128 and 2129 sections at DD and EE. The manhole oover is 
intended to act asa ventilator. Tho iron pail beneath the cover is to intoroept any dirt which may 
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come through the ventilating openings from the strect or roadway above. This pail should be made 
to swing round when the manhole cover is removed, to admit of entrance. The bottom of the 
manhole may be formed out of stone, or brick and cement, or may be moulded in Portland lime 
concrete, with concrete for a foundation. 

Figs. 2180, 2181 are plans at BB and at top, Figs. 2132, 2183 sections at H H and II of 
a manhole on pipe sewer junction, with flushing arrangements indicated. A light iron sheet, 
to be lowered or raised in a prepared groove, is arranged to stop back the flow of sewage or water, 
which is let off suddenly by drawing the sluice plate. An overflow is provided over the top of the 
sluice plate when this is shut down to prevent the manhole from being filled above the level of the 
shut-down sluice plate. 


2144. 2145. 
tj 





Figs. 2124, 2185 are plans at LT. and at top, Figs. 2186, 2137 sections at QQ and YP, of a 
manhole showing an overtlow to relieve the sewer from storm water. 

The head of water to be removed may vary oorsiderably, so that the relicf pipe must be placed 
in the manhole higher or lower, according as tho house connections in the sewers will permit. 

Figs. 2138, 2139 are plana at MM and at top, Figs. 2140 to 2143 sections of lamp-holes and 
sewor ventilating pipes, to be fixed at the upper ends of sewers and drains, as well as at inter- 
mediate pointa betwixt manhole and manhole. 

Fig. 2144 is a section on B B, Fig. 2146, and Fig. 2146 plan at AA, of an earthenware 
pipe and brick sewer on a steep gradicnt. The end of the inflowing sewer is provided with 
a light ver, to stop any sewer gases from below, and so compel sewer ventilation at this 
point. This manhole provides for flushing, Fig. 2148 being the penstock employed for this 
aad ‘= in the brick sewer, Fig. 2147. . ; ; 

‘he junctions entering the manhole and the overflow pipe are of cast iron, as if there are 
several such manholes to be constructed this will be the best material to use. 

If clevated pipes are employed for ventilation, they may be attached as at p p, Fig. 2145. 

The brick sewer, Figs. D147 to 2151, hae well-arranged side junctions, flushing, and overflow 
arrangements. In other respects similar to Fig. 2144. . : 

2152 to 2154 aro plan, sections, and details of manhole and brick sewer on a stecp gradient, 
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having side junctions and a screw-down sluice arrangement, Figs. 2152, 2153, for flushing with 
an overflow pipe ’ . ; ; ; 

Fig. 2155 is a section of a ramp or fall in a main sewer on a steep gradient, having an inverted 
syphon of cast iron, to take the ordinary or dry weather, flow of sewage, and leave the end of the 
main sewer closed to stop any escape of gas upwards from the sewers below. 

Figs. 2156, 2157 are sections of a cast-iron sewer ventilating grate. 

Figs. 2158 and 2161 are longitudinal sections, Figs. 2159, 2160, 2162, 2163 cross sections 
of two flushing chambers, to be constructed at the upper ends of sowers. The capacity of the 
flushing chamber will be in proportion to its cross-sectional dimensions and its length. The outlet 
and overflow pipes are of cast iron. The manholes to be joined on the end connecting with the 
sewer or drain; ventilation to be provided for at the upper ond of the chamber. 


2148. 
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These chambers may be filled from a water main, where there is an available supply, or from 
any surface water, or may be filled by watercart, Care must be taken not to injure sewers and 
drains by overtlushing. The best and safest means will be to give repeated flushings in small 
volumes following at short intervals, as 6 large body of water suddenly discharged may rupture the 
joints and damage the inverts, which must be avoided. The manholes and lamp-holes th bout 
any eewered district are intended to give facilities fur sewer examination and cleansing in detail. 
The arrangements here shown and described ure intended to be supplemental to manholes and 
lamp-holes on the lines of sewers, 

n cases in which much subsoil water oocurs, it is customary to put in a line of drain pipes 
continuously under the brick sewer in order to convey away the subsall water, and to give time for 
the brickwork to set before being exposed to its action. In other cases sump-boles are sunk outside 
the line of sewer, which are continuously pumped out in order to keep down the subsoil water to 
a lowcr level than the brickwork. 

In ordinary cuttings of 20 ft. and under, in depth, when executed in good ground, and when the 
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groatest intornal dimension of the sewer docs not excced 3 ft., it is customary to build the sewers, 
whether circular or oval, with a 4!-in. ring of brickwork. Sewers from 3 ft. to 6 ft. in size are 
usually built in 9-in. brickwork, and for greater sizes the thickness is increased accordingly. 
Sowers with etraight sides require at least 5U per cent. greater thickness of material than curved 
sewors of equal dimensions. 


2182. 
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plans, Figs. 2166 to 2168 
rections, the litter at 
A B.of a manhole flush- 
ing chauwber and appa- 
Yatus on a main outlet 
sewer, having a fint 
gradient. A pipes is laid 
Inneath the sewer is to 
take subsoil water. The 
manhole cover should be 
&® sewer ventiluter, or 
special means for ventila- 
tion must be provided by 
means of a ride chamber. 

The flushing pate .. 
seen in detail, open at 
Fig. 2167, and closed at 
Fiza. 2166, 2168. When 
closed, the gate is held 
in place by the chain ; 
when the sewer has been 
filled sufficiently to give 
the required flush, the 
chain may be slackened 
to allow the gate to turn 
over, and so liberate the 
uccumulated water. 

Fig. 2169 is a front 
view of the adit face, and 
Fig. 2170 a section of 
a imrain outfall sewer 
brought to the face of a 
stevp sea-cliff, as at North 
Shields nod some other 
places. The brick aowor enda, during ordinary periods of sewage flow, at a vertical chaft in the 
cliff, down which a pipe of cast iron is to bo taken through a bottom tunnel-heading to low-water 
line, or as may be otherwise arranged. The sewer is shown continued at O to the outer face of the 
cliff, which would discharge on special occasions atorm waters. 


The sewer ends are ahown protected by hinged flapa, the outer one to prevent = wind, the 
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inner one also to stop wind, as well as sewage gases, from flowing back to the sewered and drained 
areas. 

There is a manhole, the entire area being indicated as for ventilation. 

If, however, it is not convenient to ventilate at this point, the manhole may be covered, and a 
ventilating drain be carried from the manhole chamber to some more convenient point. The man- 
hole must be fully ventilated. Atthe end of the tunnel, on the level of the beach, means of access 
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2166. 2165, 
are to be provided to enter the tunnel, and an iron ladder may be fixed in the vertical shaft to 
enable the engineer to examine, and if necessary, have the pipes repaired. 

In the horizontal tunnel there is to be a relief valve a on the cast-iron outlet pipe, to prevent 
bursting when the sewer is discharging tolerably full. This relief valve will also liberate air during 
the rising of the tides. 

- ey main sewer outict to the sea, or to a tidal estuary, on a flat shore is illustrated in Figs. 2171 
74. 

The main sewer is carried to a manhole chamber, Fig. 2171, having a flap-cover ; there ia a low- 
water outlet, and a top or high-water flood outlet. The ordinary or dry woather flow of sewage 
will be brought from the main sewer to the bottom of the manhole chamber by a cast-iron pipe. 
A manhole, with full means for ventilation, is arranged over the commencement of the low-water 
pipe, Figs. 2171, 2174, and the end manhole chamber must be fully veutilated, either at the cover 
or by ventilating pipes taken from the top of the chamber to some safe point. 

© bottom pipe in the chamber, Figs. 2173, 2171, may be taken into and below low-water line ; 
the upper or overflow pipe may be taken on to the shore below high-water line, and as far as may 
be found necessary. In Fig. 2171 L indicates low water, H’ half-tide, and H high water. 

It is intended by this arrangement to it the tide to rise and fall within the manhole 
chamber in such manner as not to disturb the flow of sewage or drive back sewage gases during 
the rising of the tides or in rough weather. 

Figs. 2175 to 2181 relate to a balanced tidal flap for a main sewer outfall. Fig. aus aplin 

Z 
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of the flap at A A, Figs. 2177, 2178 plan and clevation of bearers, 
Figs. 2179, 2180 side and front alevations: Fig. 2181 scction. 
The rim of the flap, Fig. 2175, is made with a wide groove, : 
in this is placed hemp packing covered with a band of vulcanized “**? 77 
indiarubber, which is secured by bolts. 

A proper manbole chamber would have to be constructed, 
similar to that in Fig. 2171, or a modification of this form, so as 
to protect the flap and allow it to work safely. Such an 
apparatus muy be placed on the outlet of any sewer ending at a 
river margin or on the sea-shore. 

Where the character of the ground and the formation of the 
lines of streets will admit of the arrangement, town areas having 
steep gradients should be divided into zones, main intercepting 
sewers being formed on contour lines to receive the flow fo 
sewace from the upper area and prevent accumulation of sewa se 
in the low-level system of sewers. 

Manholes and lamp-holes at the junctions of common sewers, 
at the angles of direction, and at changes of gradient, form a 
fundamental feature in systematic sewerage, inasmuch as they 
serve the several purposes of flushing, examining, clearing, and 
ventilating the sewers. 

The size, form, and character of manholes vary consider- 
ably. In Figs. 2152, 2158 and 2166 will be found some approved 
desiyns. 

The mode of entering a manhole is effected in different ways. 
If it is constructed after the manner of a vertical shaft, it may 
be entered at once from the centre of the street by removing the 
cover and using the iron steps fixed in the side as treads and 
lholds, Figs. 2158 and 2171 , while in main thoroughfares, where 
there is much traftic, the entrance may be more conveniently 
gained from the pavement or side of the street, in which case 
the entrunces may be fitted with covers. 


2169. 2170. 
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These covers are provide! with an inside grating, which allows of the ventilation of the shaft 
by the raixing of the outer lid without danger to traffic. When manholes are entered directly 
from the strects the covers should be formed of opened gratings to serve coustantly as ventilators. 
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en peck the opening in the street is not found to interfere in any serious way with the public 


C. 
Where manholes are intended for access to doors or gates fixed in the larger sewers for the 
sae! pe of flushing them, the side entrance possesses great advantages over the vertical one, as the 
e of construction enables a man very readily to bring the gates or door-valves into action. 
Below the grating which forms the covering of the manhole there should be a dirt box fixed to 
intercept the solid matters which find their way through it, and which, if allowed to fall tu the 
bottum of the shafts, would obstruct the flow of the sewage. The position of the dirt box in the 
manholes and lamp-holes is shown in Fig. 2158. 
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The practice of providing ventilating side chambers with gratings in connection with man- 
holes having themselves solid covers, is doubtless a good one, as the dirt falls into tho side 
chamber instead of the manhole. 

There are few systems of sewerage in which the arrangements are such as to render flushing 
altogether unnecessary. Sewage may be so diluted by foreign water that it may of itself be 
sufficient to keep the cowers clear, but at the uppermost ends of sewers this favourable oondition 
cannot be attuined, and recourse must be had to some additional means of cleansing. At the head 
of all sewers there should not only be an increased fall given to the sewer, but some means should 
be provided of admitting water cither from the public water main ins town, or from a water-cart 
ina village, or from « tank built purposely to collect the rainfall and retain it for use in flushing 
during dry weather. ; 

Whoro water is scarce it may bo mado the most of by the use of valves or half gates in tho 
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sewers, Figs. 2129 and 2168, whereby it may be held back and let suddenly free ; thus water or 
sewage itself ina comparatively small quantity may be made to do good service. 

Half gates, Fig. 2168, may be advantageously used in manholes where the sewers are of large size, 
but with small sewers whole gates or valves are better. Gates should be made to shut against the 
flow and to open with it. Where the sewers are made of pipes a simple flap, Fig. 2158, arranged to 
open the reverse way, that is, against the flow, fixed to the outgoing pipe and made capa le of 
being worked by a chain from the tup of the manhole, may be made to do a similar duty. 

Penstocks answer very much the same purpose as flush gates, though the mechanical arrange- 
ments by which they are worked are different. The difference consists in the penstock acting 
vertically, and moving gradually by worm and rackwork in a chamber devoted to the purpose, 
while the flush gate generally works on hinges horizontally and suddenly. 

The working of penstucks will be understuod by an examination of Figs. 2152, 2153. 

The admission of water into sewers is sometimes cffected by a direct connection betweon the 
water supply of the town and certain manholes; J. Bailey Denton is of opinion that this arrange- 
ment is wrong, and carries with it an objection which must provent its general adoption, for water 
is a rapid absorber of sewer gas. 

Where there is a considerable quantity of water at command for flushing, the operation is bettor 
commenced from the lower ends of the sewers, but whore, on the contrary, tho water is scarce the 
flushing liquid must be made to do its full amount of duty, by detention at several manholes in 
succession frum the head downwards. 
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Tne gullies now in use differ in their distinguishing features in two particulars, the ono being 
a comparatively shallow receptacle, coverrd by a grating, through which the water and the road 
detritus pass tegether into the sewer or surface drain, the other consisting of a cateh-pit in which 
the detritus deposits itself while the liquid alone pasaes onwards. The latter description should be 
invariably adepted when the gullies are connected with the sewers. 

The depth of the gully cateh-pit for the interception of the solid matters will depend upon the 
nuture of the roadway or street, as well as upon the inclination of the surface. For paved streets 
and regular surfaces, for instance, it will not be necessary to make so yreat a provision oa in casen 
where the streets are muacadamized, and where the Inclinutions are steep. Tn London the sizes of 
the gullies vary considerably, sume of thei holding 40 aud others as much as 40 cubic feet of 
deposit. The degree of attention given or rather required to be given by local authoritions to the 
emptying of catch-pit gullies mnay influence the size of the receptacles, for the more frequently they 
are eruptiod the less, of course, necd be their capacity. They will generally be larger in rural 
towns with inucadamized roude than in towns with paved streets. : 

Where gullies connected with sewers exist by the side of foutpaths in much frequented strecte, 
and in yards and courts, spceial care should be taken to prevent the escape of the gases of the sewer 
hy the most efficient means of trapping. This olyect is effected in moat of the gullies now in use 
Ly the common dip arrangement ; in others by bends of elbows in the pipe connecting them with 
the sewer; and in others by self-acting balance metal valvea. Those gullies in which the water 
itself in used as a means of trapping nre better than those provided with metal balance valves. The 
latter ure sometimes used where the road detritus and other solid matters are admitted into the 
hewer. They are subject to derangement by a portion of the solid matter resting on the valve and 
preventing its closing perfectly, in which case the gases which the valve ought to caclude | 
inte the street or yard. But even if the valve shute closely when not in uction, directly it “is 
opened by the force of the deseanding water and its solid matters, the pases that have leate _ 
beneath if will rise upwards and esrape. ‘The disadvantage of using water ae @ moans of trappiug 
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consists in the fact that the water is apt to be evaporated, and it is occasionally neccessary to fill the 
saa ar with water by hose or water-carts. 

gully is an opening provided for receiving surface water or waste. A trap is a barrier placed 
between the sewer and the external air. Gullies and traps are closely related. for although we may 
have traps without guilies, no modern gully can be considered complete without a trap, and the trap 
and the gully are often so constructed as to be inseparable. All gullies and traps are now formed 
either on the water trap or valve trap principle, or by a combination of both. Water traps 
usually partake of the character of an inverted syphon, and are liable to become untrapped 
from running full bore and acting as a syphon ened in which case the induced current tends 
to create a vacuum below the trap; air follows the flowing wuater, and drives or sucks out suffi- 
cient water from the trap to leave the aperture unsealed The remedy for this defect, which is 
constantly ocourring in the case of small pipes, is to provide free ventilation below the trap, to make 
the trap of ruther larger bore than the pipe communicating with it, and to cut off all direct com- 
munication with the drains. Another, and not uncommon, cause of the failure of a trap is the 
entry of some substance which will act as a syphon, and drain all the water out of the trap, leaving 
it unsealed. For example, the traps of sinks are very apt to become untrapped in consequence 
of a thread or two of a dishcloth entering and hanging partly in the water of the trap and 
partly down the drain, when it acts as a syphon and drains it. The only remedy for this defect 
is the exercise of constant surveillance. ‘Traps are also particularly liable to fail from the evapora- 
tion of the water which forms the seal. Valve traps are more defective than water traps. 

Mechanical or bulauce trups have been used both iu soil pipes and in connection with water- 
clom-ts und gullics. 

Storm overflows serve as safety valves to the sewerage system, and should be placed in such 
positions that a direct communication with the sea, river, or watercourse forming the natural outfall 
of the district may be readily gained. The precise shape they should take and the mode of con- 
necting them with the sewers will be determined by local features. Figs. 2170, 2171 exhibit over- 
flows, one into a river and the other into the sea. 

Self-acting vulves or flups, of which Figs 2170, 2180 are examples, are also necessary provi- 
sions in most sewerage systems Such contrivances are undoubtedly necessary wherever the 
sewers discharge into the sea, or into a tidal river below high-water level, not only to prevent the 
inflow of the sca-water, but to keep out the wind and prevent the driving back of the sewer gases 
int» the streets and houses in times of storms. Flaps are sometimes advantageously affixed to a 
sewer as it passes through a manhole, in order to prevent the onward passage of sewer gas generated 
below. By appending Jizht flaps in manholes built in sewers with steep inclinations, the escape of 
efluvium may Ie wo evenly distributed as to avoid objection. Flaps are sometimes affixed to the 
junction of minor or private communicating pipe sewers with brick sewers, aud are extremely useful, 
if well exceuted. 

Denton observes that all tidal valves should be traly tn lanced aud self-acting, 80 as to yield to 
the slightest pressure. They shonld be close fitting, to exclude the outer water, and also, when 
fucing the sea, be protected from the direct action of the waves, as the sudden motion of the valve 
buckwards and forwards gives impulse to the sewer air, and causes it to force its way upwards into 
houses in defiance of traps and sy phone. 

In every system of sewers, and even in the drains of blocks of houses, public buildings, and large 
private houses, it will be advisable to prevent the accumulation of sewage gases. The manhole 
chamber arrangements duc to Rawlinson, Fig. 2152, are designed to show how by ramps or tumbling 
bays, the rush of sewage down steep gradients may be arrested, and the upflow of sewave gases be 
stopped by the flap covers on the ends of sewers and drains. This form of arrangement may be 
adapted to sewers and drains of ull forma and dimensions, as also to closet pipes, pipes from house 
sinks, and overflows from house cisterns. A main point is that sewers and drains should uot be 
continuous flucs up which sewage gases can flow, accumulate, and concentrate, but all sewers and 
drains should have points of interception and of ventilation calculated to subdivide and liberate the 
fresh gases at numerous safe pornts, externaliy. That is, no sewer or drain must, under any cundi- 
tions, form one continuous tube or flue; neither should sewers nor drains tmeverse the basements of 
buildings, public or private, but be outside the main walls. a 

It is to be regretted that the several meuns adopted for the ventilation of sewers have failed in 
the attainment of a satisfactory result. It igs hardly necessury to suy that wherever sewer | 
cacape into dwellings they have an injurious, if not a dangerous, effect, and that everything that 
can be done should be effected to prevent their entry. Uniform acratiun seems the only means of 
ventilation which is at all of service. 

Much has been said in favour of the use of charcoal to purify efluvinm ; but the efficacy of charcoal 
depends so mach upon its being kept free from dust and in a dry condition, that its purifying functions, 
when used in emection with sewora, soon cease to have any effect. Where, ther fore, atration can 
Le gained by manhole and lamy-hole openings at regular and frequent intervals throughout the 
sowerage system, with occasional shafts fer ventilation only, aided by private ventilating outlets 
above dwellings, recouree to charcoal is undesirable. a 

The following remarks upon the matter are duc to Waring ;— 

* The principle of the ventilation of a sewer is practically the same as that adopted by builders 
for the prevention of dry rot. The fungi which cause thie rot in timber cannot produce their 
germa in a current of air, and if a sufficient numbor of ventilating openings ure made, communi- 
cating with each other, the action of the wind from one side or the other will cause a sufficient 
current. So in a sewer a continuous movement of the air in one direction or the other carries away 
and dilutes sewer pases, nnd if they contain germs of organic discase capable of infecting the 
human bloud, these are believed to be destroyed by oxidation or otherwise. 

* A safe sewor always has a current of air passing through it, and if it contains sewage matters 
at all, these aleo must be in constant motion. On this incessant movement of the air and the 
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liquid must we rely for our only seourity. A solution of sugar ia water, remaining stagnant, and 
protected from a free circulation of air, will enter into a vinous fermentation. If well ventilated 
and agitated, no such fermentation takes place. It is asserted that the excrement of a typhoid 
patient, continually agitated in contact with fresh air and a fair admixture of water, passes through 
a series of complete chemical changes, with no injurious product; but if allowed to remain stagnant, 
if not freely expoved to the air, or if it gain access to human circulation before a certain oxidation, 
it will, like a ferment, reproduce itself, and give rise to the conditions under which it was itself 
produced. Motion and aération are thercfore necded to prevent infection, which is sure to be 
renerated when typhoid evacuations are confined and stagnant. Unventiluted and badly con- 
structed sewers are sure agents for the propagation of the disease when once it has taken root. 

“The resulting gases of sewer decomposition are the vehicle or medium for the conveyance of 
infection, and from their lightness they give rise to a rapid diffusion, owing to the eagerness with 
which they seek means of escape at the higher parts of the sewer system, that is, in house drains, 
soil pipes, and connections. It may not be possible entirely to prevent the development of the 
poison in even the best arranged sewer, but it is possible. by a free admission of air, to supply the 
oxvgen which will take away ita sting and render it harmless. Sewers which have large and 
freyuent openings at the street surface, and through which the liquid contents have a constant 
cau may give forth offensive smells, but, if they have proper attentiun, sanitary evils do not often 
result. 

“Sewer gas, when largely diluted on its escape, at frequent intervals, into the air of the street, 
is probably nearly or quite innoxious, but when it forces its way into the limited atmosphere of a 
closed living-room, the poison, or the perms of disease accompanying it, may easily work their fatal 
effects, 

“sulphuretted hydrogen is found in all sewers in which the sewage itself or the mucous matters 
adhering to the pipe assume a certain ds gree of putridity in the absence of a sulicient supply of 
fresh air. ‘This os is extremely poisonous; so much so that one part af the gas to two hundred 
nut tifty parts of atmospheric air will kill a horse. At one-half this intensity it will kill a deg. A 
rablait was killed by having its body immersed in a bay of it, although ita head was net inclosed, 
aud it could breathe pure oir freely. 

“Que of the most frequent sources of pressare upon the air within a sewer is the increase of 
temperature arising from the hot water cseaping from kitchens and baths. The repeated cexpan- 
Biens und contractions cansed by the adinission of hot and cold water prodnce a constant effect on 
all water traps connected with unventiluted sewers. With ventilation, the breathing in and out, 
as the air of the sewer contracts or expands, does not atlect the water traps, becuuse an easier 
passage is found through the ventilators. 

“The constantly changing volume of water in many sewers, as has been before stated, exerts a 
powerful influence on the confined air. As the water rises it reducen the air space, and if it 
reduces this to one-half, it brings to bear upon the air a pressure equal to a column of water 
$i ft. in height, and this pressure is relieved by a forcing oat of air through the most available 
channel—the channel where there is the least resistance; if there is no other vent, a sufficient 
number of water traps must be furced to ajlow the pressure te becomne reduced. It being reduced, 
and the water falling again toa lower level, a vacuutn is created which must be aupplud by air 
forcing the traps ina reverse direction, and in cither case the forced trap may remain open for the 
free passave of foul sir until auether use tills it with water. In the ebb and tow, too, a part of the 
Jadu of the sewer is made alternately wet and dry, with an accompunying production of vapour 
apd vas, 

“As the chicf domestic use of sewers ia between morning ond noon, and aa at this time the 
most hot water passes into them, the pressure on the air in the sewer is during this perio! inercased 
both by an cievation of the temperature and by a reduction of the air space. Tien, from about 
Neon until the next morning the quantity of the flow deereases, the air space increases, the 
temperature falls, and more sir must be admitte? to supply the partial vacuum created. Bach 
fluetuctions are constiutly occurniog, accompanied with a drawing in and forcing out of air, for 
Which ample passage must be made, independently of the water traps of houses, or sewer pous will 
suretyenter them, Where proper air vents are provided, this cbb and flow of the sewer may be 
Inervased, with great aivuntage in the matter of ventilation, by artificml Mushing arraug-menta, 
which will allow the water to be dammed back and relens d at frequent intervids,”’ 

The sucess of the droinage will depend both upon the position and the ounLor of outfalls to 
be brought inte operation in a district. Asa rule it is usual, in constructing sewers, to lay then 
An the duection of the natural falla of the district, consequently the outhills of sewers are nalinvat 
duvariably found to be located in the valley of a river or stream which natarally provides for the 
drainuge. But as it is advisuble that the sewage should never be allowed to intermix with the 
water of the country, provimion must be made for cither purifying the sewage before paxaing it inte 
the ficsh-water etreams, or, as in the case of sea-emuet towns, to lead to such a pomt aa not to 
become the cause of offnce. In inland towns there are ebemicenl or mechanical systems for 
precipitating or dewlorizing the sewage. The plan that haa hitherto proved moat auocesaful in 
purtiying the eewaze of an inland town ia that of utilizing it in ite fresh state on properly 
prepared lund. In sea-const towns it will generally be found iost ceonomical to carry tho sewage 
disectly out to rea; but in Kote cascea, a8 & matter of preenution, the sowage tasy be required to 
be filtered, or otherwise treated, before being discharged into the aca, os prevailing winds may blow 
fleatiny matter on to the shore. In some towns, & ayelatn of interception hereafter referred to, 
with two or more outfalls, may be advantageously introduced in order to diminish the ovet of the 
byatem of seweis, and establish the economic di- posal of the eewage. 

There are two princi pal ways in which exeremental tnatter may be dealt with, the dry system, 
end carnuge by water. The first is the most rational, 18 well as the most consistent with public lu-nith 
aod with wational proop rity. The week part of this system, hows ver, ia thut, while f° * os 
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excreta, it leaves untouched all the other sewage, which would still require to be removed by water 
carriage, and be purified, of course, before passing into a river in the same way as if it contained 
the whole excreta. While, therefore, upon economical and sanitary grounds, water-closets, espe- 
cially in houses of the smaller sort, and in public works, jails, railway stations, should, as far as 
wasible, be replacod by an efficient dry system, the adoption of this course will not very much 
eaaen the amount of sewage to be dealt with, or render its purification less imperative. 

When water carriage is used, the following methods may be employed for the disposal of the 


Running it into the sea, or into a tidul river, under conditions that will prevent its return, 
irrigation, intermittent filtration, purification by precipitation, lime, sulphate of alumina, or by tho 
A BC system. 

The a method includes pan closets, earth closets, Goux system, Stanford’s system, Carbon 
Fortilizer Co., Liernur’s Pneumatic system. 

These various methods will be briefly considered in their relation to the requirements of a large 
city. 

Wator irrigation carried on in warm weather is exceedingly unhealthy; in fact. a kind of fen 
is mado of the large area of land the water is run over. Where the water is foul, that is, not 
purified by precipitation, the odour, particularly at night, and upon still damp evenings in 
autuinn, is very sickly, and that in all these cases a great deal of disease prevails. With regard to 
seware irrigation, the sewage forms a dep. sit on the surface of the ground; that deposit forms a 
cuke of organic matter, aud when it is in a damp state, as it usually is, gives off in warm weather 
@ most odious stench. 

It is right to add, that at many places no evil effects have been traced to the influence of the 
farms irrigated by their sewage, and that many of the most reliable authorities confidently affirm 
that sowaye farming is not attended with injurious effects upon health. 

Crookes makes the following observation on sewage farming ;—The finest manurial qualities 
are possessed by the constituents of sewago, but the irrigationist is 80 wasteful in their application 
that, in the majority of cases, thre ensucs not a healthy crop, but a mass of overgrown rink grass 
material of no more nutritive value than weeds; for it must be distinetly remembered that this is 
not a question of manuring with sewaye when necessary, but the compulsory application of enormous 
quantitics, in season and out of reason. 

The quantity of lund that appears to be necessary, under favourable circumstances is about an 
acre to each 100 of population. There is another aspect of the irrigation question, that on a skil- 
fully conducted sewnge farin, as contmsted with an ordinary agricultural farm, the cost of labour 
amounts to three or four times the sum usually expended an acre, while the produce is, at the same 
tune, greatly nugmented. The question arises whether, if it costs a town, say 10,000/. per annum 
to purify its sewage by chemical treatment, and then to run it into a river or into the sea, anda 
like sum is lost in the working of au irrigation farm, is there not the manifest advantage gained to 
the country by a large expenditure in the wages of labour, und the zreatly increased supply of food 
for man and beast?) Given, therefore, a suffeient quantity of land at a reasonable distance from 
the town, and free from a resident population; aud looking to the superior effluent produced, 
iiriygution presents the most perfect means for the disposal and purification of sewage; and it is 
conmstent with the fuets that, if the levels of the land are suitable tor the reception and distribution 
of the sewage withont pumping, and if the Jand is obtainable at an ordinary agricultural value, a 
weware fart inight bo made to vield a protit. 

Purification by chemical treatment has been much misunderstood, and consequently discredit ed. 

‘at bas not done all that hug been claimed for it, some have becn inclined to regard it as a 
faslure, and unworthy of considermtion, Severs] proceases have been advocated for purifying sewage 
by precipitation, and at the game tine manufacturing from the sludge obtained a manure which 
will be suleable ut a considerable price, under the name of native guano, or some other high- 
sounding tithe. The purification of the sewage is possible, and has been carried out successfully, 
but the rale of the scalled manure, except in insignificant quantities, appears to have failed of 
accomplishment. Aud this is not to be wondered at; for the precipitant, whatever it may be, 
while it removes the solid matter of the sewage, together with the plhosphorie acid, leaves in the 
effluent water all, or nearly all, the ammonia and all the potash unlts, these constituting by far the 
ncst Valuable part of the sewage. ATL hope of making anything of the precipitate or sludge 
should therefure be abanduned ; but that is neo reasun why the process should nut be adopted for 
the purification of sewage, 

‘The matters removed Ly lime and by alumina, which are practically the only precipitants that 
have hitherte been employed, are solid mattera, Phosphoric acid, fatty acids of svap, nitrogenous 
orgnuic matters, vegetable colouring matters, magnesia. 

The nitrogenous compounds and the ammonia in the cfflucnt soon become oxidized, less rapidly 
in sult thau fresh water; and the oxidation is greatly facilitated by passing the puriticd sewage 
through a porous matenal, with free exposure to the air, 

Ut all the substances proposed for precipitation, the one that appears to be most capable of 
general application is lime. Lt can be had every where, is cheap, and cffcets a sufficient purification 
to enable the eMuent to be passed into a non-putable running atecam or tidal river, especially if 
the precipitation is supplemented by filtration through some form of charcoal, or by running it over 
a limited extent of suitable land thoroughly drained. It has been objected to the lime process 
that the effluent seon decomposes, while that from other precipitants, being neutral or faintly acid 
resists putrefuction fora much longer time. But the lime efflucnt also readily oxidizes, and as the 
organic matter in the purified auwage must be oxidized, the sv. ner this is accomplished the less 
likely is it to produce injurious consequences. ; 

Under any eystem of precipitation, it is most important that the sludge should not remain long 
iu the buttum of the actlling tanks; whenever it is pormitted w accuwulate for a week ur two it 
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ferments, throws up bubbles of the gaseous products of decomposition, and serves to render the 
effluent offensive. 

Wm. Shelford, in vol. xlv. of the Minutes Inst. C.E., gives an interesting account of some 
experiments with Campbell’s process. This consists in adding phosphate of lime in a soluble state 
to the sewage, and in precipitating it, after sufficient admixture, by a further addition of lime. 

The plant consisted of an ordinary hand pump for raising the sewage ; two mixers worked by a 
continuous shaft from the hand pump, so arranged as to prevent the subsidence of the chemicals 
in the water with which they were mixed, and at the same time to bale the due proportion of each 
into the sewage ; a mixing trough for effecting the admixture of the chemicals with the sewage ; 
a series of six concrete tanks for the precipitation; a series of filter beds for partly drying the 
sludge; a Milburn’s drying machine for completing the dried manure. 

The two mixtures were an adaptation of the water-wheels employed in Alpine rivers for raising 
water by buckets attached to their rims. Each of them consisted of a wicel: which revolved in a 
suitable vessel containing the chemicals, diluted with water, ata sufficient velocity to prevent their 
subsidence, and at the same time by means of cups attached to the enda of the spokes tho right 
quantity of each chemical was faiset and thrown into the trough containing the sewage. 

The mixing trough, made like a ‘‘ salmon ladder,” was firet applied by Shelford to these works, 
and was found to be so convenient and economical, that he afterwards uscd it elsewhere on a large 

e. 

The tanks were arranged so as to be capable of use for the treatment of the sewage cithor 
during its continuous flow through them, or by intermittent flow into each, and then allowing the 
sewage to remain at rest during precipitation, but without stopping its flow into the works, Each 
tank was a cube of 4 ft., and held about 415 gallons. The series of six held 2500 jrallons, or 
twelve hours’ flow of sewage. When worked by continuous flow, the two first tanks are used 
alternately and reccive most of the precipitate. From these the flow of the sewage is directed 
through the remaining four, but any one of them can be empticd and cleaned by shutting it off 
with sluice boards. When worked by intermittent flow, the tanks are filled, and after a proper 
lapse of time for the deposit are cleaned in succession. 

The filter beds for partly drying the sludge were of the commonest description. 

Milburn and Co.’s machiae, Figs. 2182 to 21386, fer drying sludge, was also adopted, and gavo 
excellent results. 

It consists of a floor or bed formed of cast-iron plates, on to which the wet sewage is fed. 
Beneath this floor, at the feeding end, is the furnace which is covered in with a tirebrick arch, 
terminating in 2 double bridge. In the bridge are openings through which tho heated products 
of combustion pass away under the iron drying floor. The brickwork furnace crown prevents the 
floor being overheated at that point which would cause dumage to the manure. The heated 
air from the furuace after passing under the floor returns over it, through the drying chamber, 
which forms a flue, the hot air carrying with it the vapours arising-from the drying process, which 

away together through a chimney over the feeding end of the machine. A cust-iron trume is 
placed over the drying bed, and extends nearly the whole length of the floor. This frame 
is movable, and it carries a series of transverse bars which form sempers, Figs. 2182 to 2184, the 
edges of which rest upon the floor. The frame also carries a series of slowly revolving agitators or 
rakes, which are placed immediately between the scrapera, and which move to and fro with 
the frame. The duty of these agitators is to stir and break the manure up at the wet end 
and along the bed until it is dry, when their action causes the manure to become pulverized, until 
at the exit end it is in a finely powdered condition. On the top of the frame are bmekets arranged 
so as to form vertical slots in which crank pins work, the pranks being attached to gearing at cach 
side of the machine, and the whole being so arranged as to revolve together, as in Fig. 224. The 
vertical slots are equal to the full length of the stroke of the crauk, go that ut cach stroke 
the frame is moved slowly to and fro. The transverse scrapers sweep the cutire surface of the 
bed, and by keeping the manure in constant motion prevent its caking on the iron plates. 

On the top of each of the slots, or crank-pin guides, ie mounted a movable stop block, which is 
adjustable by means of a screw, and by which the length of the slot is increased or reduced 
as required. According as the slot is longeror shorter, so ia the frame tifted tou wreater or leas 
height at its backward stroke when the scrapere and stirrers pass over a portion of the manuro. 
At the return stroke cach scraper passes on a portion to the next seraper, and thus the manure 
yradually travels the whole length of the plates, until from a wet coherent mass at the feeding end 
it becomes a dry powder at the delivery end of the apparatus where it makes its exit. The drying 
fluor is covered in with iron plates, which are carried on the top of the fraine, thus inelosing the 
manure Whilst being dried, and forming the return flue slready alludes] to. Hf it should be found 
desirable to destroy the noxious gages, thut is effected by means of a special furnace, through 
which they are forved, and in which they are entirely decomposed. 

“Xperiments were made to determine the best proportion of chemicals to be used, and it 
was found to produce a good cflucnt water, was a dove of 10 1b. of superphosphate and 3 Ib. of 
lime, or a tetal of 15 Ib. of chemicals each 1000 gallons. The effluent water as it left the works 
wus either neutral or gave a slight alkaline reaction, and was more suitable for irrigation purposes 
than raw sewage. 

The precipitate, or sludge, when ran upon the filters, contained 90 per eent. of water, and was 
about ] ft. deep. The heavier mutter at once subsided, and left the water on the top; but 
In consequence of the absence of clay, and the porous condition of the sludge, the water ba a... 
through both it and the filter, until a comparatively solid stratum of sludge, of the consistency of 
mortar, was hft, The filters were found to work best when the pertially dricd sludge ‘did 
ee 3 Tr in thickness. ‘The sludge when Bhovelled off the filters eomtained SO per cont. of 
pisireae een ola accumulated for two or three werks in that state without being at all offensive 

cient quantity had been prepared for Milburn’s machine. The sludgo from Campbell's 
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process appears adapted for drying by filtration, o circumstance due to the absence of clay in the 
precipitants employed, to the large proportion of chemicals compared with the sludge, and to their 
porous condition. Its importanee can hardly be overrated, inasmuch as it solves the difficulty 
of drying, which has been more troublesome than any other mechanical question. Experiments 
and analyses showed, moreover, that the value of the sludge was not affected by its filtration, 
whilst the quantity of moisture abstracted by, it was at least one-half, even after the sludge 
ri iso brought to much greater consistency by draining off the water as it collected upon 
© surface. 

The value of the manure corrected to contain 18 per cent. of sand and 10 per cent. of moisture, 
thus showed a margin of 5s. a ton after payment of expenses. The worst result showed that the 
manure was worth about sufficient to pay the cost of the chemicals and leave a margin. 


2187. 


SSS eS 
‘ . 


: | oo 
ae ig 
SS : 


NS 
Wa aes 


ms. 


SS ee 













i 


7) 




























eaiene 


= 
ee 


SIRE SLIT SEPOIIT 






F, 
ee ee ee J ~ 


Precipitation by a solution of sulphate of alumina mixed with the sewage, and afterwards 
neutralized by lime, has the apocial advantage that the bulk of the sludge is sensibly lese than that 
obtained by Hime. . 

The A BC process was made the subject of a epecial serics of investigations by the Rivers 
Pollution Commissioners, with the following conclusions ;— —_ 

The process removes a large proportion of the suspended impurities from sewage, but rarely 
is this removal so complete as to roudor the effluent sewage admissible into running water. 

The A BC process removes a very amall proportion of the soluble polluting mattera from sewage. 
After treatment by this process, the effluent sewage is very little better than that which is obtained 
by allowing rw sewage to aottle in subsidence tanks. 


1086 SANITARY ENGINEERING. 


ae menue obtained by this process has a very low market value, and cannot repay the cost of 
manufacture. 

The manipulations required for the extractions and drying of this manure are attended with a 
nauseous odour, especially in warm weather, and would occasion a serious nuisance if the works 
were situated in or near a town. 

The name of the process has been taken from the initial letters of the three substances con- 
sidered essential to the process, alum, bloud, and clay, but other substances have been used, and the 
mixture of substances has suffered a great varicty of changes. The following is stated in the final 
specification, as proportions which have anawered well for ordinary sewage :— 


Alum .... .. 600 parts. Burnt clay ~ ove « 25 parte. 
Blood .. .. .. i % Common salt .. .. .- 10 ,, 
Clay Ses “ees eS 1900 _—r,, Animal charcoal... .. 15 ,, 
Magnesia... .. B45 Vegetable charcoal .. .. 20 4 
Manganate of potash 10 _—~«(Cy, ' Magnesian limestone _.... 2: 


The quantity required is stated to be about 4 lb. a 1000 gallons of sewage, equal to about 
1? tons a million gallons. In singular contrast to the above are the proportions most recently 
employed at Leeds :— 


Alum, or sulphate of alumina.. 3 parts. | Clay ..  .. «© « «oe «o 6 parts. 
Charcoal of some kind .. .. 8 Lime’... os ww ae ae oe O22 


In this mixture the essential ingredients appear to be alum and lime, the latter heing used in 
considerable excess, as appears from the composition of the dried sludge. As regards clay, it isa 
fact that sewage of seme towns contains already too much of that substance; and what is added 
only increases the bulk and weight of the sludge, without offering any compensating advantage. 
One object of the addition of clay is to ensure rapid precipitation ; but this appears to be equally 
well attained by the use of lime alone. 

If a system of precipitation is adopted, the disposal of the sludge will be one of the most im- 
portant clements in the calculation of cost. Probably it might be used to some extent for filling up 
waste and low-lying land; but, if not required for this purpose, it must be deposited in the same way 
as any other kind of soil. 

Intermittent filtration as a means of purifying sewage has been carried out quite successfully by 
Bailey Denton at Merthyr-Tydvil ; but the conditions are there so exceptional, that there aro very 
few places where the process could be pursued with equally satisfactory results. 

Many places are so situated that a water-carriage system for the removal of the excreta is 
almost an impossibility; and there are large towns where, even when a system of dminage has 
been carried out at enormous cost, the difficulties of dealing with the polluted waters at the outfall 
appear so insuperable, that a return to the pre-existing midden system, or to some fourm of inter- 
ctption, has become almost a matter of necessity. 
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Even where a water-carriage system prevails, some plan of removing house refuse, ashes, and 
dnat, some dry system of collection, must also be in force; while an interception system, however 
carefully it may be carried out, still leaves a vast quantity of slop water and surface drainage to be 
ae ‘ay defecated at the outfall. | 

_No plan, however, will serve if there are leaky and pervious coaspools, an absence of proper 
urinals, ill-paved roads, and the filthy habits in the population generally, and difficultics may be 
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reduced to a minimum by careful scavengering and strict supervision, both of which duties must 
be mage lar eae ed and carefully performed in all towns and areas where cleanliness is sought 
after and enforced. The following account of the various forms of dry closets is from a paper by 
G. R. Redgrave in Trans. Inst. O.E., 1875-6. 

The term interception implies the exclusion from the sewers or drains of all fecal matters, and 
the possibility of interception involves the existence of a system of sewers, which may, however, 
have been laid down for the removal only of surface water and slops. 





A midden or dry closet should under any circamstances be constructed of non-porous materials 
and furnished with a drain to carry off the excess of liquids, and it is an advantage if it has a 
simple arrangement for deodorizing the contents with ashes or some other available material which 
requires the form to be modificd so that this may be accomplished readily. 
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Figa. 2187, 2188 illustrate euch an arrangement as used at Nottingham, and Fic. 2189 isa 
modittention of this form employed at Stamford. In these examples the receptacle is concave, in 
order that the dejection may gravitate to the centre, and the brickwork is carefully cemented on the 
inside to render it impervioua, There is also a special oponing, through which ashes or earth may 
he thrown on to the contents, and a shaft is carried up for ventilation. The riscr of the seat is of 
brickwork, or of 2-in. stone, the floors in both cases ratty also of non-porous material. Fig. 2189 is 
the bettor arrangement of the two, for here the seat is hinged so as to throw up and permit of the 
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ashes being sprinkled on the freshly deposited contcnts, and as the pit is shallower, it ncccasitates 
more frequent cleansing. The midden, Figs. 2190 tu 2192, is of glazed stone-ware, provided with 
an overflow pipe connected with the sewers, and is a good type, the cost being smal), while the 
danger of leakage is avoided. s is the svil pan, ¢ the trapped overfluw, c the cosspool, p a 
perforated pitch-pine cover, and aa covered aah-pit, from which access can be had through an 
opening, as at the back on the level of the court. here possible it is an advantage, whon the size 
of the midden is reduced to a mere space underneath the seat, where this is formed of non-porous 
materials, or furnished with ready means for the removal of its contents, which must tuke place at 
the shortest possible intervals, of this class, those employed at Munchester and Hull, Figs. 2193 to 
2196, and Figs. 2195, are good specimens. a is the ash-pit, ¢ the bottom, g the air-shaft. Fig. 
2193 has a glazed carthenware sloping bottom, with a door conveniently placed for emptying the 
contents, which operation tukes place fortnightly. Fig. 2195 is similar in arrangemcnt, but 
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has a stone floor and no ventilating shaft and the oa being less capocious the midden has to 
be emptied weekly; the emptying takes place from the front in licu of the sides, the riser of tho 
scat being made movable for the purpuse, which renders the plan somewhat defective. This latter 
arrangement, moreover, has less conveniences. 

Figs. 2197, 2198, illustrate a midden that has been used at Stockport and Leeds. Here a trough 
t, pluced under the front part ot the seat conveys away the urine to a separate receptacle, or dircct to 
the drains. By this means, not only are the midden contents kept much dryer and an entire 
immunity is secured from splashing, but a smaller quantity of leadoviect can be employed for the 
solids, and there is little offensive smell. Fig. 2198 is a section of the contre line of Fig. 2198, 
a is @ shaft, r are risers, which are made to open and serve as shovts, ov the ventilating flac from 
the shaft, S is a step and child's seat, and s a seat for adults. 

Many of the arrangements of these middcns have been entirely altered by adopting movable 
receptacics, consisting of either tubs, pana, or paila; the simplest arrangement of this kind is 
merely a wooden box, placed under the seat so that when full it can be tipped into a scavenger’s 
cart and replaced. The difficulty of cleaning out the angles of the box at first made use of, ite 
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Ron eclepsetton to closets of different shapes, led to the employment of oval or round tub-shaped 
tacles; such are those in the Goux system used at Rochdale, Fig. 2199 being placed under the 


recep 
dloset-seat. The Goux tubs are lined with some absorbent refuse material, rammed round a mould 
or core, Fig. 2200, which is allowed to remain in the pail until just as it is about to be placed under 
the seat, the core is then withdrawn and it is then ready for use. 
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The proportion of absorbents in a lining is 3 in. thick to the central apace in a tub, and, say 
18 in. diameter would be about two to one, but unless the absorbents are dry, these proportions 
would be insufficient to produee a dry mass in the tubs when used for a week; and experience has 
shown that after being in use for several days, the abeorbing power of the lining is already 
evaporated, and the contents become liquid. This system has been tried in several parts of 
England, but it would appear that although it removes the risk of ee: and does away with 
much of tho paar eae of the contents, it is still a nuisance, and the absorbent, inasmuch as it 
adds woight to the pail, which has to be carried to and from the houses, is rather s disadvantage 
than otherwise, from a manorial point of view. After trial at Rochdale, this system has been 
modified by the employment of a: pail, similar in every respect but omitting the absorbent lining. 
The tubs employed consist of a paraffin cask cut in half and furnished with handles. <A strong 
cast-iron rib, Fig. 2201, ia fixed in the inside of the tub, about three inches down, to form a stop for 
the lid. Galvanised iron tube have been tried, but as their first cost is double that of the wooden 
ones, and as they only last about half the time, there does not appear to be much saa from 
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their use, although they are common in some places. At Birmingham, vanized tubs, Figs. 
2202, 2208, are in gencral use. ‘The closets in Rochdale are all numbered consecutively, and a 
systematic collection from each of the six districts into which the town is divided, is carried out ; 
by a well arranged mode of bookkeeping the collectors are checked in their work, and an omission 
at once ascertained, the work being dove in the daytime, and every closet emptied weekly. The 
closets are provided with a door giving access to the space under the seat, and when the tub is 
removed it is at once covered with a lid and placed in a van, Figs. 2204, 2205, while a clean tub 
containing a small supply of disinfecting fluid is substituted for a full one taken away. Each van 
is arranged to hold 24 tubs, and makes 5 journeys a day. In 1874, 5 of such vans in full work 
collected weekly from 3354 closets in all parts of the town. The ashes and house refuse are deposited 
in a separate tub, but collected at the same time. bee 

In many cases attempts have been made to deodorize the excreta by the application of absorbent 
materials, either alone or in aasociation with the pail system. At Manchester a form of ash closet, 
Figs. 2206 to 2208, is extensively used. Fig. 2208 is a plan above the seat, Fig. 2206 a sectional 
elevation, and Fig. 2207 a plan of the floor. A cinder sifter K ia here attached to the closet, and 
works in combination with a pail receptacle R. This sifter is so arranged that the ash is directed 





by a shoot on to the contents of the pail, and the cinders fall into a bucket, whence they may be 
tuken for reburning; it would appear, however, that there is little to be guined in the method 
of deodorization by the use of ashes. The arrangement for the pail system with separate urine 
collection is illustrated by Fig. 2209. 

Probably the best-known contrivance for deodorizing and disinfecting the deposit in dry closeta, 
are those in which advantage is taken of the deodorizing qualities of dry carth, which were brought 
ints permanent notice by H. Moule. In these closets a supply of earth coctsined in a hopper 
behind the seat is thrown on to the contenta deposited, by the action of an ordinary pull-up handle 
similar to the pall of the watcr-closets, or by the weight of the user acting on a balance seat or fout- 
board, or by both combined. 

Bond’s carth eleset is arranged so that the vessel fixed beneath to contain the dejectiona, 
receives the liquids and selids into separnte compartments. A box for the supply of the deodo- 
rizing material, consisting of sifted ashes, is attuched te the Nd. and the persou on entering the 
closet raises the lid, and by so doing measures out a charge of the deodorizer; on leaving the 
seat he closes the lid, and by this means he discharges the ashes over the solid contenta. In 
Mogser'’s universal closet, the deodurant stored in a chamber at the back of the seat is spread in 
measured quantities by a pair of bellows netuated by a lever handle. Gibson's dry closet has a 
movable shoot attached to a hopper. This receives a small quantity of the deodorizer, and dia- 
tributes it by an action similiur to that of a shovel. There is also an arrangement for receiving 
the liguid and conveviny it direct tothe drain. All such contrivances as thease nim at ceonomizin 
the quantity of the dry dendorizer, and it is argued that if the user of the closet can be preville! 
upon to avail himself of mechanical means for deodorization he is as likely to avail himself of d 
material stored conveniently for the purpose, wi that it may be thrown over the deposit with a hand 
seoop, ALL mechanical devices are more or lows liable to vet out of order, and are therefore ill 
alapted to rough populations; the supply of carth, too, amouuting to 4} Ib. n head, renders the 
eartage to and from the depots exceedingly grat when used fora large population, and the urine 
has still to be dealt with unless it is run direct into the sewers. Animal charcoal ia such an 
excellent deadorizer that when the liquid is kept apart from the solide, from 4 oz. to 3 oz. will suffico, 
if carefuliy distributed after each use of the leet to remove all disazrecable amell from the solids. 
The Carbon Fertilizer Company utilize this method, and also employ a good separator pail for 
keeping the liquide apart from the solids. This is effected by a horizontal perforated diaphmgm. 
This plan of separation is the only one tbat answers whero slops are aleo thrown into the pail. 

List of Books on Sanitary Engineering.—‘ The Sanitary Drainage of Housea,’ by G. E. Waring, 
jun., crown 8vo., Boston, U.S., 1879. ‘ Bye-Laws and Regulations for House Drainage,’ by Rogers 
Field, 8vo0., 1878. ‘ Sanitary Works Abroad,’ by R. Mauning, 8vo., 1876. ‘Sowers and Drains for 
Populous Districts,’ by Julius H. Adams, 8vo., New York, 1880. ‘Sanitary pay toabe bla a Guide to 
the Construction of Works of Sewerage,’ by Baldwin Latham, 8vo., 1878. ‘ The Purification of Water- 
carried Rewage,’ by H. Robinson and J. C. Mellis, 8vo., 1877. ‘Sanitary Engineering: a Course 
of Lectures at Chatham,’ by J. Bailey Denton, royal 8vo., 1877. * House Drainage and Water 
Services,’ by J.C. Bayles, 8vo., New York, 1879. ‘ American Sanitary Engineering,’ by E.T. Philbrick, 
8vo, New York, 1880. ‘A Hand-Book of Formule, Tables, and Memoranda for Architectural 
Surveyors,’ by J.T. Harst, royal $2mo., 1879.  § Proceedings of the Association of M unicipal and 
Banitary Engineers,’ 6 volx, 8vo., 1874-80, ‘Sanitary Work in the Smaller Towns and in Villages,’ 
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by ©. Slagg, crown 8vo., 1876. ‘Sewage Disposal,’ by H. Robinson, crown 8vo., 1880. ‘Ten 
vars’ Experience in Works of Intermittent Downward Filtration,’ by J. Bailey Denton, royal 8vo., 
1x81. ‘The Pneumatic Sewerage System,’ by Isaac Shone, 8vo., 1880. ‘Sewer Gascs, their 
Nature and Origin,’ by A. D. Varone, 18mo., New York, 1879. ‘ Dirty Dustbins and Sloppy 
Strects: a Practicul Treatise on the Scavengering and Cleansing of Cities and Towns,’ by 
H. P. Boulnois, crown 8vo., 1881. ‘The Plumber and Sanitary Houses,’ by 8. 8. Hellyer, 8vo. 
‘Suggestions as to the Preparation of District Maps and of Plans for Muin Sewerage and Water 
Supply,’ by R. Rawlinson, feap. folio, 1878. 

SHAFTS AND SHAFT FITTINGS. 

Shafts for transmitting power and motion are the most generally employed, and also the oldest 
mechanical contrivances, and for that reason we should expect to find them among the most perfect 
in their arrangement and construction, but this is far from being the case; for if we examine 
the great variety of couplings, bearings, and hangers, which are adopted by different makers of 
shafting, and the diversity of opinion which exists as to the relative merits of each system, we shall 
see at once that the manufacture and erection of shafting is far from being a perfect art either in 
practice or in theory. 

In arranging the shafting for a mill, factory, or machine shop, two systems are open to us for 
adoption, the one system being known as the overhead, the other as under-floor shafts; but 
except in cases where it may be necessary tu employ very heavy shafting, or under very special circum- 
stances, the system of under-fluor shafts is one that should not be adopted, for they increase the danger 
of fire, and occupy much valuable floor space. In regard to the first, especially in factories where 
fibrous material or wooden wares are manufactured, a concealed pit shaft causes more anxiety, and 
calls for more circumspection, than a whole factory besides. Belts passing down through a floor 
carry with them, by the air currents induced, much of the light dust arising from machines, and 
generally, we may say unavoidably, shavings or other debris, so that shaft pits become in effect 
tinder-boxes. A piece of iron, a stone, sometimes even a nail, coming in contact with an iron 
pulley running ata great speed, will cause a shower of sparks to be discharged, and in an instant 
all is in flames. The air currents caused by the motion of pulleys and belts in a confined room 
carry the flames into all parts of the pit in a moment, and the result is often the destruction of a 
factory. In respect to floor space, it ts seen at once that belts coming down from overhead shafts 
to machines consume the least possible amount of useful room, while holes cut through fluors to 
accommodate beltx, with the safety cases which must surround them, consume much valuable 
space; besides which the arrangement of most factory machines, especially machine tools for iron, 
renders overhead countershafts indispensable. Another matter worthy of consideration in connec- 
tion with these two systems is, that the cost of warming a factory in winter will often be doubled 
by reason of a large number of belts passing throngh the floors ; in such cases, the shaft pit or a 
lower story has to be warmed as well as the machine floor, and air currents sweep around 
operators who attend machines in such a way as to render it impossible to keep warm: on the 
contrary, belta carried down from overhead shafts tend to circulate the warmer air cullected at the 
ceiling. A line shaft adapted for earth supports and mounted on masonry, is generully made from 
one-third heavier to twice as heavy asa shaft for the same duty would be if suspended from the 
ceiling, The fittings may be of the cheapest construction, the bearings rigid and massive, pulleys 
heavy and unbalanced, and the couplings such as to withstand torsional strain only. The cost of 
erecting on earth foundations is also much Jess, and the shafts being in most cases bid from view, 
may run out of truth without much interfering with their functions. On the contrary, line shafts 
adapted for suspension to ceilings, and over the machinery they are to drive, require to be of a 
minimum weight, and must be more carefully fitted; the bearings should be pivoted, and so 
arranged that the shaft may be readily adjusted up or down to suit the setding of floors, or of 
pillars on which floors ure supported. ilies Vaeetiae on suspended shafts have not only to transmit 
the torsional strain of the work performed, but must be secure cnough to withstand the bending 
strains from a shaft being more or less out of line; and as the shafts are one of the first objects 
seen in entering a factory, it is necessary that they run true and without noise, the pulleys being 
turned true and balanced. 

A line shaft, as a machine for tranamitting motion, is made up of many purts, possessing varied 
functions; the independent bars of which it ia formed must each be made truly cylindrical, and 
they must then be securely united one to the other, by some coupling, of which many kinds 
exist, and will be described later. This line of shafting muat then be supported at regular 
intervals in suitable bearings, which muat be 60 arranged as to allow the shaft to rotate freely 
about its longitudinal axis, while at the same time they support and maintain that axis in a right 
line. Tho number and position of these bearings will be regalated by the position of the wheels 
aad pulleya on the shaft; but in all cases the bearings should be as near as possible to the 
couplings, pulleya, etc. It sometimes, however, happens that in a long shaft there may be no 
pulleys or gearing upon it ‘or several feet, and the distance between the bearings must then be 
arranged proportionate to the stiffness of the shaft itself. Assuming 10 ft. as a safe distance for 
the bearinga of an unloaded shaft 2 in. in diameter, and that the deflection may iu all cases be 
proportional to the distance betweon the bearings, we have the following rules :— 

L= Wad x 16 ord = ,/L* + 16 
In which d = diameter of the shaft in inches, and L the length between the bearings in feet. The 
following Table has been calculated by this rule, but it must be understood that the distances given 
apply oaly to shafts having simply their own weight to carry :— 


Diameter of the shaft in inches ee. Sate: es 
Distance between the bearings in feet .. .. /6°3 













{ ; 
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Another rule gives the distance between bearings, for shafts loaded in the centre, with pulleys 
not more than five paces in diameter, as 


L = d25, 
in sda d = the diameter of the shaft in inches, and L the distance between the bearings in feet, 
as before. 

The strains to which shafts are subjected in transmitting power are the torsional strains of 
transmission, transverse strains from belts and gearing, and accidental strains, arising from winding 
belts or other cause; and of these three the last is always the greatest, so that if we make the 
shafting sufficiently strong to resist these accidental strains, the other two may be safely dis- 
regarded. The torsional strength of a shaft varies inversely as its diameter, while its torsional 
deflection increases with the length. For these reasons the system has often been adopted, when 
erecting a Jong line of shafting, which has to give off power at various portions of its length, of 
giving to it what may be termed a tapering form; tbat ia, the first section would be of sufficiently 
large diameter to transmit the maximum power required, say 3in., the second 23 or 24 in., the third 
24 or 2in., and s0 on to the end; but this system, except in altogether exceptional cases, is to be 
avoided, as it at once reduces the shaft to the nature of a special machine. Any little saving in 
first cost which may be effected by employing these reduced diameters, will be quite swallowed u 
by the increased cost and trouble of fitting and fixing; while at the same time it does away wit 
all symmetry of appearance in the shaft and its fittings, and prevents all interchange or shifting of 
pulleys, couplings, or supports, from one section of the shaft to another, which in the case of a 
rearrangement of the machines in a shop, or the introduction of new machines, is ofton a matter of 
great convenience and economy. Again, if the diameter of a shaft were calculated and fixed with 
reference only to the exact amount of power to be transmitted, or if its diamoter at various parta 
were based upon the torsional strain that would be sustained at these points, such a shuft would 
not only fail to mect the conditions of practical use, but would cost mure by such an adaptation. 

In proportioning shafts for belting much must be left to judgment, and be dictated by that 
peculiar sense of realising what is wanted from previous experience. There are in fact so many 
obseure conditions which have to do with the matter, that any rule must be an arbitrary one, if 
given for general application. The shafts with their supports should, however, alwaya possess 
sufficient strength to tear the belting asunder without daumaye to the machiner, for it is impossible 
always to prevent the accidental winding of a belt, and when such an recident dvea happen it is 
always much easier to replace or splice the belt, than it would be to repair the shafting or 
machinery. Experience has shown that for ordinary cases, where the power transmitted is applied 
with tolerable regularity, a shaft 3 io. in diameter, with its bearings four diamctem in length and 
placed 10 [t. apart. and running at a speed of 150 revolutions a minute, is a proper size to transmit 
50 horse-power. A gencrally safe rule as regards strength is to make 

d= Ji; 

where v equals the width of the belt, and d the diamcter of the shaft, both in inches. For gearing 
shufts require to be stronger than for belts; the motion being positive and lacking in that 
élasticity whieh exists in beit connections. In the article on “ Belts and Belting,” at page 122, will 
be found a table giving the horse-power transmitted by shafts of various diameters at 4 speed of 
100 revolutions a minnte; and in Table L, which is taken from Box’s ‘Treatise on Mill Gearing,’ 
are giveu the weights of round and square wrought and cast iron shafts, from ith of an iuch to 
14 inches iu diameter. 


TaBLe 1.—Weutcat or Suarrs 1 Foor rm Leworn. 
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In the United States shafting of cold rolled iron is very extensively employed in preference to 
turned shafting, over which it possesses the advantages of increased strength, hardness, and 
elasticity in a very marked degree. The making this cold rolled iron is avery simple process, 
as carried on by ughlins, of Pittsburgh, Pennsylvania, who have made a speciality of this 
manufacture, and by whom it is produced in large quantities, not only for shafting, but also for 
ponte and for the finger-bars, knife-backs, and guard-bars for reaping and mowing machines. 

he bars are first rolled hot, to within about one-eighth of an inch of their ultimate size; they are 
then placed in acid, in order to remove the surface 2) So tbe ; and are finally reduced to the required 
dimension by the special process of cold rolling. The bars thus made have a highly polished and 
perfectly smooth surface, and are as true as if turned ina lathe. The following table gives the 
results of a scries of experiments, comprising about sixty testa, which were made by W. Wade, of 
the United States Ordnance Department, forthe purpose of testing the relative merits of hot and 
es iron; and from them it will be seen that the results are greatly in favour of the cold 
ro — 
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I.—Transverse Stra :— | 
Bars supported at both ends, distance between bearings | 
80 in. ; load applicd at centre. | | 
Wewht which gare a permanent set of yy in. to | 
Bars, 1} in.equare .. 0... wee ; 3100 ' 10700 | 3-451 | | 
Round bars, 2 in, diameter ai , 52z00 , 11100 2°134 | »162°5 
lw Shin. y, ioe, 2 ' 6g00 | 15600 | 2-294 | | 
1I.—Torsr1on :— 
Weiyht giving a permanent set of one deqree, then applied at , | 
a distance of 25 in. from the centre of the bar: 
Rwund bars, 12 in. in diameter, and 9 in. between the . 
points of attachment oes Ua ahs ‘ 750 1725 2-300 130 


I1I.—Cowrression :— 
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The regular working strain to which a shaft is subjected varies inversely with the speed at 
which it is driven ; and this, on account of its influence as regards cconomy in the first cost of a 
line shaft, would be a sufficient reason for arranging the same to run at a high speed; but there 
are other and weightier conditions which all tend to favour the same arrangement. And first 
among these is the saving of cost in countershafts; for it is obvious that if the speed of the line 
shaft varies so considerably from that required in the first movers of the machines as to necessitate 
the pride" deora of one or more countershafts between the main line and the machine, not only 
will tho first cost of shafts, fittings, and belte be greatly increased, but also the oost of mainte- 
nanoo; while the obstruction arising from belta and pulleys will also be increased. The practical 
limit of speed in a shaft is, however, greatly dependent upon the nature of the bearings; these 
should be pivoted to allow of the sclf-adjustment of the shaft, and should be four diameters in 
longth. For the bearings of line shafta cast iron is undoubtedly, for many reasons, the best 
substance to employ: it is the cheapost and most easily worked into shape, while if kept properly 
oiled it is the most durable of metals, although the poorest if allowed to run dry; with a pressure 
not exceeding 50 Ib. a square inch, and oil well distributed over the surface of the box, the shaft 
will ran on the oil used for lubricating without touching the surface of the box, the oil under this 
pressure is not re arp out but will maintain its lubricating properties for a long time. The use 
of Babbitt’s metal, or other soft metal, is often advocated for bearings, and though there are many 
~---3 in which it may be advantageously employed, its use for the bearings of line shafts is to be 
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altogether discouraged. All soft metals, while they do not cut when Vapaasaper to run dry, as cast 
iron is sure to do, yet serve to catch the grit and dirt in the atmosphere which finds ita way in 
with the oil; the soft metal holds these little sharp particles, and thus gradually grinds down the 
shaft running in it. As an eres Bre of this abrasive power of soft metuls, we may instanco the 
means adopted when it is desired to grind down a cylinder of hard metal; lead clamps, ver 
similar to journal boxes, are upplied to the cylinder, and into these clamps oil and emery are fed, 
the lead holds the emery, and by the continued revolution of thease clamps around the cylinder, 
the size of the hard metal is reduced without any serious wear on the part of the lead. These soft 
metal bearings are generally advocated on the score of economy, the following reasons being 
advanced in their favour. The boxes for these bearings are cast with a recess to hold the soft 
metal, and can be used just as they come from the foundry, thus dispensing with all labour and 
cost of boring and fitting; the shaft is laid in its place on the cast-iron shell, and the soft metal, 
reviously melted in a ladle. is poured in, thus filling the recess and ensuring a fit. Against this, 
Hoeecse we have the following facts. The box cast with a recess, in order to be of equal strength 
to one cast solid, must be made ratber larger, and this increase of size, as it increases the weight of 
metal in the box, will also add to its cost. Again, Babbitt’s metal costs much more than cast iron, 
generally ten times as much; while the melting, pouring, and fussing over the job wil take time, 
which means money. It may be suftly said that a pair of cast-iron boxes can be planed on their 
faces, then bored to fit the shaft, and grooved for oil passages, for less than one-half the cost of the 
least quantity of soft metal which could be used in such a box. For vertical shafts the Schiele 
curve is undoubtedly the true form of bearing to resist end-thrust with high specd. The great 
fault with all bearings, when the plane of the surfaces is transverse to the surfaces in motion, is 
that they move on each other at different degrees of velocity; varying from the centre to the 
periphery, directly as the diameter. ‘The Schicle ourve of cqual tangents is a theoretical, and for 
that matter practical attempt, to obviate this infraction of mechanical principles, by taking up 
end-tbrust on surfaces baving a uvifurm connection for resisting wear. The method of constructing 
this curve is shown in Fig. 2210. Leta’ be the diameter of the shaft; bisect the line ab at c, and 
from ¢ crect the line cd perpendicular tou). From ce lay 
off any number of equal parts, as 4f,47,4, &e.: join ce, 
and in the line ¢ lay off the distance ce’, equal to a6; 


2210. 





join fe’, and lay off the distance f /, also equal to a4; and ian ed : | 

so proceed, joining the point last found, as 7”, to the next “ 4 

division in the line cd, as g, aud making cach of the Pies oe ab 
An ayy a ee me ney aaa oe mane wo Pes 


distances ce’, FF, oy’, AA, &e., equal to «hb; then e’, a 
Si, a, 4, &e will be the points throurzh which to draw the wy 
curve as shown in the figure. W. Sellers and Co., of 
Philadelphia, have adopted a plan for stepping vertical 
shafte, which is almert the very opposite of the oll point 
theory, that of wide. flat surfaces. A disc, or collar, is 
formed on the end of the shaft, resting on a corresponding 
plane, in the face of which there are radial curved oi] \ 
grooves, the action of which corresponds to the furrows in a 
the faces of mill-stones; the oi] is fe to these sorfaces \ 
through a central opening, and discharge! upon the \ 
periphery, returning through proper channels to the \ 
@ 
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reservoir, tu be ugain taken up. This, for heavy thrust 
and motion that is comparatively slew, is no doubt 
as gool a plan as can be adopted for the cnd of c 

shafts. (See p. 1586 of this Dictionary.) 

J. Richards, in his * Woodworking Machinery’ and in P 
his ‘ Operator's Handbook,’ gives the fullowing particulars 
concerning shufting ;— 

“Shafting for operating wood machines, like nearly everything else pertaining to them, require 
to be special in many regards, The speed of the main ines shonld, fer the most cconomic and 
simple arrangement, never be leas than three hundred revolutions a minute, which is alove a 
sufficient distinction from ordinary cases to warrant the statement of ite being special. An average 
specd for countershafts, or first movers in weal machines, ie about three times aa much, which 
gives as a rule a proportion of three to one Letween the pulleys of the line and the counter shafting. 
Shafting of from oh to 34 in. diameter running at this speed must be true an to turning and 
straightness; the pulleys inust be curefully balanced, and the bearings Jong and pivoted, with 
earcful provision for lubrication. There isn asa rule more belting to be carried on the ebafting of 
wood-working manufactories than in those of other kinds. ‘This is directly as the amount of 
power employed, with enough added to make up for the dry state in which the belting haa to 
operate. The usual large amount of belting makes a great strain upon the bearings, capecially as 
it muat be tightly stretched to obtain traction. Taken upon the whole, a factory of this kind 
requires the best of shafting, and the greatest care in its operation, or else the delays from tho 
derangement will be frequent and long. 

“The sudden starting of heavy machines by mesns of shifting belts, or more especially by 
means of slack belts with tightening pulleys, subjects the shafting and its connections to severe 
torsional atrain, and is very apt to loosen the couplings unless well fitted or of the compression 
kind, which is in fact the only kind adapted to wood-working fuctories, and, for that matter, any- 
where else. A coupling that is driven on and wedged, we will uot term it keyed. when once 
removed and then replaced never rans ip ect truth; besides, at a accond or third retuoval the 
fit is destroyed, unless a tapered one. For wood-working factories good compression couplings 
should be used, such as will ensure the continued strength of the shaft through the connection, 


SHAFTS AND SHAFT FITTINGS. 1095 


and grip it so that no movement can take place by torsional strain. The keys should be deep; 
that is, wide on their bearing surfaces, and never bear on their back; a rule that applies however 
in A aa for nothing but the most clumsy and unmechanical fitting ever confounds a key with 
a wedge. 

by Pulleys for line shafting running at high speed should be light and true; weight is to be 
avoided on account of torsional strain from momentum, and perfect truth is needed to prevent a 
kind of oscillation, or vibration that takes place when the strain of belts is not uniform; in short, 
the shafting about a wood-working establishment should be first class in all respects; whatever 
contributes to its good performance at slow speeds becomes doubly important at high ones. 
Pulleys for wood-cutting machines should be strong, and safe from the danger of centrifugal strain 
due to high speed. Cust-iron pulleys with proper proportions, aud made of close strong metal, are 
comparatively safe with their rims moving 5000 ft. a minute, a limit, however, which should not 
be exceeded. Such pulleys are ag a rule turned both on the outside and inside of the rim, which 
should be rather heavier than usual. We give a formula frum the Industrial Works, W. B. 
Bement and Son, of Philadelphia, which furnishes proportions that arc well adapted for high 


speed pulleys :— 
Diameter of pulley = D. 
Face of pulley = F. 
Diameter of pulley pattern = D + (2a). 


ri 
Face of pulley pattern = F + (-t- 
ee , sD+8, 
Edge thickness of rim, E = Too ) un increasing progression, A = &, R=14,N =D. 


Centra thickness of rim, C = -03 F + E. 
Number of arms N; when D> 12,N = 5; D> 30, N = 6. 

Dx -‘6F 410. 
Breadth of arm at rim, B= ead = ag inereming 1 in 16. 


2201. 





Thickness of arin, T = 4 B, purallet from rim to hub. 


Freaks. 


Parallologram of web, P = ./ D+ F, shown in Fig. 2211. 
Web of hub, W = P + T, as shown in Fig. 2212. 
Diameter of shaft to be used = 8. 

; D+F > 
End diameter of hub, H = = a—+ S, or = 


> 
Metal thickness of hub. M = ~ when act-screw bosses are used, for sy line add $ to M, 





+ §, increasing 1 in 16 to web. 


A] 


P k : 
Versed sine of facial curvature = i for hich fuces. 


“ Hangers, or supporta for overhead shafting, have undergone more modification, and nre 
produced in a greater variety of forms and plans of adjustment than almost any other detail in 
machinery. That taste as to design has been the main reason of this is evident in the fact that a 
number of engineers would, with the same premises, gencrate about the same thing. <A greater 
uniformity of strength, if not of desigu, would certainly cxist if it were not for the contingeney of 
winding belts, with other accidents, that can be set down under the general head of accidental 
strain. In wood-working mills and factories there is less danger from winding belts because of 
their being dry, but when such accidents do occur they are more serious because of the greater 
width and strength of the belts. Hence all hangers for wouod-cutting machinery should have 
extra etrength, capecially for overhend shafts, and be, with their supports and bolts, strong enough 
to part or tear the belting without other danger. To determine the cross-section of a peudant 
support that will do this is not an casy matter, but experience and judgment will generally suggest 

roportions that are strong enough. A cored section is, without doubt, the strongest one for 
hanger, which form no exception to the rule for columns or beans, of disposing the material as 
far ag possible away from the neutral uxis and on the periphery. 

“In preparing plans for a wood-working mill, the shafting should, whenever practicable, yo 
across the building. By belting from one line to another at one side of the room the whole power 
ia not transmitted through the couplings, ag in the case of one continuous shaft to drive all the 
machinery. The work is also divided more evenly throughout the several lines, and this dacs away 
with the supposed necessity of having the line shafting in sections of various diameters, which 
prevents the interchange of pulleys from one shaft to another, and often leads to expense and 
trouble. The first section of shafting, carrying the main driving pulley, should have a diameter 
equal to one-fifth the width of the main driving belt, and should be supported at each side of 
the main pulley; and this section should not be more than twenty diametera long between the 


ngs. 

as For wood shops, 2} in. and 3 in. shafting are the best sizes ; 24 in. shafts are as small as any 
should be, and they should not, without some important reason, exceed 8 in. in diameter. A line 
of 24 in. shafting will run safely and well at 250 revolutions a minute, or 4 3 in. line will run 200 
revolutions a minute, if the bearings are properly made, and it is kept in line. 
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“ Pulleys should be as light as ible, both as a matter of economy and convenience, and they 
should be turned true and balanced, balanced perfectly, no matter what their speed. The effect of 
an unbalanced pulley is as its speed, but it is never known where pulleys may have to be used in 
changing, and the only safe rule is to have every pulley carefully balanced, no matter what the speed 
may be at which they run. 

‘Couplings should be adjustable or compressive, not keyed on, or wedged on, for only such a 
key should be used as will not keep a solid coupling on. Hangers to support line shafting should 
always have their bearings pivoted, and adjustable vertically; for if the bearings have a vertical 
adjustment in the hanger frames, and are moved by screws, as they should be, it is a smal! matter 
to take a ladder, a level, and a wrench, and go along the line to level it; 100 ft. of shafting may 
be adjusted in this manner in an hour, if the larger belts are thrown off to relieve it from strain, and 
the shafting is straight and true. Shafting is not liable to get out of line horizontally, unless from 
the strain of belts; it is, however, well to linc up as often as twice a ycar to be sure that all is 
right. A shaft may be levelled by almost anyone when the hangers are properly made, and can be 
done at noon, or after stopping in the evening, without interfering with the business ut all. To line 
a shaft horizontally is but little more trouble if the bearings or hangers can be moved in that 
direction. Suspended hangers should have the bolt holes slotted for an inch or more of movement, 
and post hangers should have movable bearings rae pte side adjustment. Assuming thot there 
is some means of moving the shaft horizontally,a g plan of adjusting is by suspending a number 
of plumb-lines that will bear against one side of the shaft, and reach down low enough to be 
sighted from the floor, or for greater accuracy a strong line may be etretchod about 5 ft. from 
the floor to gauge the plumb-lines from, as shown in Figs. 2213 and 2214. D is the oeiling to which 
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hangers are bolted; A the line shaft: B the plumb-lines resting against the shaft, near to the 
bearings; and C a horizuntal line stretched below the shaft. The lower line, C, can at the begin- 
ning be set within about } in. of the two plumb-lines at the ends, and the rest can then be adjusted 
to the same position by moving the bearings, or the end bearings can be also adjusted, as the case 
may require. A ball of strong king thread, and half-a-dozen or more old screw-nuta for the 
plumb-lincs, make the outfit, and the job can be well executed at but little expense and time, if the 
hangers are properly made, and erected 80 as to be adjusted without trouble. 

“In erecting a countershaft, the first things to be determined are the position of the machine it 
is to drive, and whether the belting is clear. When a line shaft is crowded with pulleys it often 
requires great care to place the countershaft so that belts will not interfere with cach other ; it is 
no uncommun thing for a shatt to be put up, and then the discovery made that belta interfere with 
others on the opposite side of the line shaft. Be careful in starting, that ix the great point, not 
only in putting up shafts, but in all other mechanical operations that involve calculations and 
accurate measurements. As an example, let us suppose that a countershaft is to be erected, and 
go through tiie various operations, one at atime. Begioning with the hanger plates, these should 
be of hard wood, long enough to reach from two to four joista, as the weight of the shaft and 
belting may require; their width should be frem one and a half to twice the width of the hanger 
base, and their thickness, as an approximate rule, one-fifth the drop of the hanger. When the joists 
are of hemlock, or harder woud, and 3 in. or more thick, almost any kind of shafting can be bhuny 
with safety on wood screws, or lag screws as they are sometimes called, passing through the hanger 
plate, and screwed directly intu the joists. These screws should be of good size, not less than 
$ in. in diameter in any case, and long enough to pass into the joist a distance at Icast equal to the 
thickness of the hanger plate. A plate 3 in. thick requires, with cast-iron washers, screws that 
are 7 in. long: if one in each joist } in. diameter; if two in each joist 9 in., or £ in. will do for 
ordinary countershafte. Having the hanger plates ready, next mount the shaft in the hangers and 
invert them to stand on a level floor, Fig. 2215, and after settling the sbaft to sce that the bearings 
are not cramped, and that the hangers stand fuir on their base, measure between the bolt holes 
accurately, or what is better, cut a short strip of wood to the length betwoun the centres, marked c in 
the figure. If the shaft is to be placed t» suit some pulley on the line shaft, measure from the 
centre of the hanyer next the loose pulley the distance to the centre between the tight and loose 
pulleys, as ata; this should aleo be marked on the stick as the base for tho position of the shaft: 
we will term it the driving belt line. This belt line must then be determined and scribed on the 
joist ; it is easily found from a pulley, or by measuring from a wall or girder that crosses the line 
shaft at right angles. Placing the measuring stick with this base mark, the centre between the 
pultcys. upon the belt line, next set out at each end for the wood screws or bolts that are to hold the 
hanger plates, bore the hanger plates, and screw them up at one end, but not hard ayainst the 
joists, leave § in. or more for packing when levelling up; then set the plates at right anglos acruss 
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the joist, and mark the position of the joists so as to bore through the plates for the other screws 
which can be done by swinging the plates around, and without taking them down. Again set the 

lates across the joists as accurately as possible by means of a carpenter’s square, and mark the 
holes on the joist for the remaining w screws. In screwing up the plates they can be brought 
level by furrowing down on their top, with pieces of wood split in two or notched to accommodate 
the wood screws placed between the plates and the joist. To mount the hangers, if they have pivot 
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bearings, as all ought to have, bore through the hanger plate for one bolt by measurement; no 
great accuracy is necded in this, unless the shaft has to come laterally toa particular line, which is 
seldom the case. Screw up one hanger with a through bolt, then remove the pulleys from the 
shaft, put it in the hangers, then prop tbe loose one, or both, if needed, with a brace resting on the 
floor, or on a stage, as shown in Fig. 2216, For the next operation, procure a pole or strip of wood, 
Fig. 2217, long enough to reach from the countershaft to the line shaft, cut a notch in the end, or 
drive a strong spike, s, in the side, and let 
it rest on the line shaft at L, and extend 2216. 
to the countershaft at C. By moving EAS. 4 
alternately from one end of the counter- 
shaft to the other, and driving the loose 
hanger to adjust it, a parallel is obtained 
much truer than by lines and measure- 
ment, and in a tenth part of the time: the 
pole can be marked at the centres of the 
countershaft at each trial until the ends 
correspond, Then bore the three remain- 
ing holes for the hanger bolts, put the 
pulleys on the shaft, and mount the whole 
in place. Level the shaft by using a 

lumb-ltine alongside the pulleys, which, 
if they are true, will be found a more 
aceurnte plan than to use a spirit level on 
the shaft iteelf. With a good pair of 
trestles at band, and wood screws and 
hanger plates ready, an ordinary countcr- ‘ a 
shaft for belta from 3 to 6 in. wide should 
be put up in one and a hulf to three hours’ \ 
time by one man and an assistant. The _ seagate ener cope rinentt ene eeninthe ener 
time of erecting, and the accuracy with a.es 0. SERS. DNs lowes! 
which a shaft can be set, as well as the 
facility with which it can be kept in line, depend greatly upon how the hangers are made. If the 
bearings are pivoted, and arranged to be adjusted vertically on tho hanger, it is but little trouble to 
keep shafts level. The bolt holes in the hanger plate, if slotted to allow for horizontal adjustment, 
will answer for pendent hangers without having the bearings movable in the brackets.” 

Couplings for shafts should be of such a nature that the strength and rigidity at the joint shall 
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be as great, if not ter than at any other part of the line, so that if the line be subjected to flexure 
i¢ will bend anywhere clec than in the couplings. 

The evlid half-lap coupling, shown in Fig. 2218, is recommended by Box as the best of all for 
amall shafte up to 44 in. or 5 in. in diameter, but for larger shafts they become very clumsy and 
heavy. This kind of coupling requires thoroughly workmanship, especially in the fitting of 
the lap joint; the angle or level of the joint should he about 1 in. a foot, and may be convoniently 
deacribod by striking the arcs cd and ¢f from the centre of the lap a, with a radius of 6 in., and 
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setting off 4 in. above and below the centre in the manner shown in the figure. The coupling box is 
of cast iron, and is secured in ition by a hollow key, at the point a in the cross-section, Fig. 2219. 
One advantage in these couplings over many others is their safety ; there are no projecting bolts, as 


2218. 2219 2220. 2221. 





in the flange coupling, to catch the dress of workmen or workwomen, or to become entangled with 
a strap which comes off accidentally; when turned and polished they are easily kept clean, and 
there are no bolts to shake loose in working. 


TABLE IJI.—Prorortions oF Souip Hatr-Larp Corruras, wrrH Cast-Iron Boxes. 
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The claw coupling, shuwn in Figs. 2220 and 2221, is recommended by Box in his ‘ Treatise on 
Mill Gearing * to be used for all shatts ubove 6 in. in diameter; Fug. 2220 is a longitudinal section 
through the coupling, showing the shafts in position, aud Fig. 2221 ix a cross section on the hine ad, 
When fitted together by clipping, in the usual way these couplings are very expensive, and 
require good workmanship, but the expense of this fitting may be entirely avoided by casting one 
half upon the other. In that cause one half is cast in sand, and Wiis casting being imbedded with 
the wooden pattern locked into it, another mould is taken from the pottern with the wood part 
in the cope, and the sceond half is cast upon the first. A perfect fit is hua ubtaiued without 
lubour, and the metal is chilled and wears longer, so that this form of coupling i# the cheapest of 
any; the tirst half must. of course, be coated with founders’ Liacking where the molten metal of 
the second balf comes in contact with if, to prevent adherence. The shriukage will be sufficient to 
enable the two halves to be separated when necessary, but they should be locked tovether, and so 
bored to ensure parallelism. This kind of coupling requires to be well secured to the shaft by 
good sunk keys, as shown at a, Fig. 2220. 


2223. S224. 


eres 


t 
ass ee Nine gh Bnet Ae 
4 





The flange coupling, Figs. 2223 and 2224, was at one time very generally adopted by American 
engineers in preference to the solid lap or claw couplings above described. For good work these 
couplings should be turned all over, and m any case the two internal fucca must be turned to fit 
together accurately ; the bolt holes must be drilled ont truly to match one another, and the bolts 
must be turned parallel throughout, aml fit well. To keep the two shafts in line with each other, one 
of them should enter the opposite half coupling, 4 in. in the smallest sizes, 2 in. in medium shafts, and 
§ in. in 6-in. shafts, and su on in poe This projecting end, or dowel a, forms a very serimia 
objection to the use of these couplings, aa when disconnecting o shoft it requirca that the latter be 
moved endwise to the extent of the lap, and this is often a cause of much inconvenience, for if a 
long shaft is to be disconnected in the centre it not uafrequently bappens that in order to movo 
cither part | in. endwise several pulleys, wheels, or collars must be loosened, while if the couplings 
are placed ayainst the bearings, as is often the case, such movement is rendered impossible. As 
these couplings depend for driving power entirely on the key, that part of the work muat be well 
and firmly done: cach half should be secured by a sank kcy, as in Fig. 2220, driven from the inside, 
and cut off flush before the coupling is put together; and the fuce should be turned true in ite 
place after the coupling Las been keyed on the shaft, otherwise driving the key is apt to throw the 
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coupling out of truth. Another objection to the use of these flanged coupes ia on account of the 
ee arising from the exposed bolt heads and nuts. To obviute this danger, the coupling shown 
in Fig. 2225 was introduced. This coupling is provided with a guard rim, c, to prevent the danger 
of belts or clothing catching on the bolt heads or nuts; this rim gives a stronger form to the plates, 
so that the latter can be reduced in thickness and weight, while in many cases it also permits the 
couplings to be employed as pulleys for driving belts. The dowel is formed bya slight inter- 
lucking at the rim, as shown at ¢, in most cases not exceeding } in. in depth, so that in disconnecting 
a shaft it rarely happens but that the supports by slightly straining the shaft will allow a section 
of the latter to be taken out. 

The following table, giving the proportions for plain flanged couplings, is extracted from Box's 
- Mill Gearing ’ :— 

Tanie IV.—Prorortions FOR FLANGED CoUPLincs, 
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The objections to these forms of couplings are many. In the case of the sulid half-lap coupling 
the bara to be united by it must be of absolutely equal diameter, or they will soon work loose: and 
the attainment of this accuracy is an expensive operation. Machines can readily be constructed to 
turn bars of round iron in the condition they come from the rolling mill to a nearly uniform size 
with u great rapidity, and ata very «mall cost. By nearly uniform is meant that when tie shafts 
are tested by sliding aver them a standard gauge they will be apparently of uniform diameter, but 
a careful measurement will show them to be only approximately alike in size. This commercial 
accuracy, agit may be termed, in easily obtainable by machines and by unskilled labour; absolute 
accuracy would invelve nmure costly processca, and the utmost skill of the most experienced work- 
men, When flanged couplings are employed cach half of the coupling hus to be carefully and 
necurately fitted to the end of the abaft, aud the eouplings afterwards faced in the lathe, and the 
holes dritled for the bolts. TPhis facing up prevents all shifting of couplings frem one leneth of 
shafting te another, as they belong only where fitted; while as cach half-coupling possesses its 
corresponding fitted mute.on account of the bolt holes, the whole length of shafting becomes a 
saiwrial inechine, of which no portion is interchangeable or can be moved from the position for which 
it Wag fitted. Agnin, if thease couplings have to be driven off two or three times for the purpose of 
changing pulleys, or for other reason, the fit will be altogether destroyed. 

Adjustable or compression couplings, as already stated, are the only kind which should be used 
for line shafta; they arc equally safe as any other system of coupling, for their failure can aniy 
result ecther from deficient strength in their proportions, or from very bad fitting; while the advan- 
tazes arising from their use, such aan duplicating system, placing pulleys, and so on. are so 
apparent as to be self-evident. It may be further said that compressive couplings properly con- 
structed do not cause one-tenth part as much delay and expense as those having a solid tit, and 
held on by means of wedge keys. In putting on adjustable couplings, they should be put on with 
u view to removal, all parts being well and carefully oiled so as to uvuid all chances of their 
rusting fust. In order that these couplings may fulfil the objects with which they ure designed, it 
in necessary that they should fulfil the following conditions :— 

1. The coupling shoukl act independently on each shaft, so that slight variations in the diameter 
of the shafts connected will not cause one to be nore firmly gripped than the other. 

2. The range of adjustment should: be such as to suit the ordinary irrezularitica of diameter 
which must occur in turning shafts in an expeditious manner, and finishing at one operation. 

8. The couplings should close concentrically upon shafts, or as this is impracticable in a strict 
scnse we may say, bear upon three or more points, the more extended such bearing the better. 

4. They should be so constructed as to be instantly removable, and so that there will be no 
joints to atick fast by corrosion. ae 

§. The strength of the coupling as to resisting cither torsional or deflective strains should be 
at least one-half greater than that of the shafts connected. 

Tho double cone coupling of Sellers and Co, Fig. 2226, consists of two cones a, bored to fit 

dy on the shaft s; externally these cone plugs are turned to an exact taper, and fit withia the 
.-~frhal shell e, which is a plain cylinder of cast iron bored with w diminishing taper from each 
end, The cones «are drawn into the shell ¢ by the through bolts 2: these bolts are square to 
wrevent them from turning when the nuts are screwed up, and they are Jet into the external shell ¢, 
n the manner shown in the figure, so as to conatitute keys, which prevent the cones a from 
turning in the shell ¢, and by this means communicate the driving strain from one cone to the other, 
and from one ahaft to the other. The conea aare split open on one aide, and deeply grooved on the 
opposite side; this, with the slots provided for the bolita, renders the cones quite flexible, although 
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their cross-section may be even greater than that of the shafts connected. The cones a being drawn 
in simply by the pressure of the bolts and nuts », it is evident that one cannot be drawn into the 
sleeve ¢ with any more force than the other, and consequently the pressure exerted on the ends of 
the two sbafts must be equal; and therefore the shafts need not be of exactly the same size, in point 
of fact shafts of an appreciable difference in size may be as firmly held as if they were of the same 
diameter. When it is required to remove this coupling slack up the bolts, and if not then louse, 
a few blows upon the outer shell with a billet of wood will probab y start it loose; or a wedge, such 
as a cold chisel, driven into the split in the inner cones always loosens the cones and frees the 
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couplings. When this coupling was first introduced it was subjected to severe trials to test its 
utility. The experiment was made by coupling two shafts, which were placed on three bearings 
10 ft. apart, the coupling being near to the middle one; and these hangera were sv placed as to 
bend the shaft 13 in. out of line. These shafts so coupled were then made to revolve at the speed 
of 250 revolutions a miuute for many wevks during working hours, aud yet the coupling did not 
loosen under this severe strain. 

The coupling shown in Fig. 2228, and manufactured by Richards, London, and Kelly, Phila- 
delphia, deserves notice on account of its simplicity and the small cost of its construction. ‘TTwo 
strong semicircular caps a are bolted over the shafts in the manner of a common journal bearing ; 
the lower shell ¢ being continuons, and formed solid with the pulley c. The centre flange of this 
pulley is thickened up at s, so that the two ends n of the shafta are dowclled in this part, and the 
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keys m aro fitted in the caps, so as to be firmly gripped by any bending of the latter, and also moro 
readily to permit them to spring slightly (> accommodate any irregularities of aize in the shufta, 
The caps are made either of malleable or cast iron as circumstances may require, The external 
pulley c can be made of any size to suit the purpose of driving machinery, and at the same time 
serves to shicld the bolts and guard against danger ; so that in estimating the cost of these couplings 
the value of a pulley can in most cases be deducted, leaving the coupling to be computed as the 
mens iron in the bosses, and the additional fitting required over boring and keying a common 
pulicy. 

In Fig. 2227 is shown an end view of Cresion's putent coupling, which, like those already 
described, acts independently on each shaft. The sectional shell a is divided transversely in the 
centre of the coupling, and is forced upon the shafte by means of the screws c, which are long and 
tapered. The shells a being split on one side, are sufficiently Mexible eo that when the screws c are 
driven in there is a strong grip given at these puints on the shaft. The solid portion at s affords 
u firm seat for keying; the cored section extends through the coupling. 
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Charlton's shaft coupling, Figs. 2229 and 2230, is very similar to the above; it consists of a casting 
of a cylindrical form externally, and cored out in the manner shown in the end clevation, Fig. 2229, 
This casting is bored and has a key way cut in it, and the inner portion is then cut through 
opposite the key way. After being placed on the ends of the two lengths of shafting to be coupled, 
which shafts it may fit frecly, it is tightened by screwing in the tapered bolts shown in the longt- 
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tudinal section, Fig. 2230 ; these bolts cause the inner portion of the casting tu clip the shafts firmly. 
The key a is only a carrier, and requires no fitting by hand, while the bolts } merely act as wedges, 
and are not subject to any other tensional strain; and further as the two bolts at the one end of 
the coupling act quite independently of those at the other, there is no necessity that the two lengths 
of shafting connected by the coupling should be of preciscly the same diameter. 

Both these couplings last described are very simple and casy to manufacture, and they have 
been thoroughly tested with very satisfactory results. This system may also be adopted for fixing 
pulleys to shafts, for which purpose it is equally advantageous. 

John Richards’ coupling, Fig. 2231, belongs to the class of couplings in which a continuous 
sleeve is employed, and whiich act independently on each shaft only to the extent of the flexi- 
bility of the anid sleeve. In this coupling the sleeve or shell a ia made thin and flexible tosuch an 
extent as to permit an independent action more or less complete on each shaft; c are two strong 
conical thimbles which are drawn together by the ring collar ¢, provided with screw threads at s. 
The thimbles ¢ could not of course be drawn up sufficiently firm by means of the ring collar e, 
because of tho friction of the screw sand of the joint at ¢; so that in applying the coupling the 
thimbles.c are driven on by blows until the tension is thought sufficient, and collar ¢ is then 
screwed up as firmly as possible. It will be seen at once that the strength of this coupling to 
resist transverse strains depends on the shell a alone, but it is also evident that unless the 
thimbles c move on the sleeve a, the ring collar e must be regarded asa firm connection between 
the shafts, and capable of resisting bending strains the same as a common flange coupling, except 
that the neutral axis will be in a different position. 

Another of Richards and London's ingenivus couplings is shown in Fig. 2232. One half of this 
coupling consists of a common flange, keyed on in the usual manner; the other half is compressive 
and adjustable. The odvantages claimed for this coupling were, that for each section of a shaft 
one end could at once bo freed, so as to put on pulleys, or for any other purpose. As the arrange- 
ment does not, however, admit of interchange from one shaft to another, and as each coupling has 
to be fitted to its place the sane as when two common flanges are employed, this coupling has not 
met with much favour. The shell a is conical, and split open on one side; a screw collar c draws 
tho cone a from the centre, causing it to grip the shaft with great force, while, by loosing the 
collar ¢, the cone shell a can be driven back to release the shaft, which can theu be withdrawn, if 
there is sufficient room, without disconnecting the two flanges e. 

Next in importance to the proper means for uniting the various lengths composing a line shaft, 
come the support for the same. When shafting is suspended under the ceiling of a room, it is 

rovided with what are called hangers; when it passes near to posts these hangers are changed in 
orm and are called post hangers; and when it passes over the tops of beams or near to the floors, 
it is carried on what are culled pillow blocks. All these devices have certain parts in common, 
namely, a journal box or bearing to receive the shaft, and some kind of frame to support and carry 
are box. As hus been already pointed out, all bearings for line shafts should be pivuted and 
adjustable. 

; Pivoting secures « fit of shafts in their bearings which is altugether unattainable with rigid 
bearings under the ordinary circumstances attending the erection and setting of shafts; and aa 
they ensure a fit of the shafts under all circumstances, pivoted bearings can be made loug, and of 
hard metal, as already advocated. The difference in expense between erecting and adjusting a set 
of bearings fora line shaft which are pivoted and adjustable, and a set which are rigid, is very 
great; it being no uncommon thing to spend as much time in setting one rigid bearing as would 
have acrved to fix ten if the bearings had been pivoted and adjustable. Ifa bearing is formed 
rigid with a bracket, or bolted rigidly, which is the same thing, the adjustment of a fit between a 
shaft and its bearings is transferred to the connection between the bracketa and the wall, post, 
foundation, or whatever they are mounted on, and all the niecty of a running fit must be 
attained in setting such brackets; there is not only the difficulty of lateral adjustment in 
orecting rigid bearings, but that of the axial ps ec era us well; one is continually interfering 
with the other, and for several men to spend a whole day in fixing and adjusting a single bracket 
is no uncommon occurrence; while by having bearings pivoted and ndjustable, the fixing of 
hanger or brackct plates becomes an easy and inexpensive matter, and precision is attained by 
adjusting the bearings after the brackets are bolted fast. The adjustment of bearings has, however, 
its chief importance in the maintenance of shafts; for freedom from accidents and reduction in 
repairs of line shafta, depend on their being kept in line, presuming of course that they are 
of proper size and well fitted; and if the bearings of a shaft can be adjusted vertically by means of 
screws, it is so simple and inexpensive an operation to level such a shaft that it may be performed 
at regular intervals, at a nominal expense and without the least detention, and thereby avoid 
the danger of accidents to the shaft, ite couplings or bearings. The oost of maintenance, repre- 
sented by lubrication, repairing, detention, &e., is considerably reduced by the adoption of pivoted 
bearings. When a bearing is formed of matcrial as hard as cast iron, and with surface sufficient 
to prevent abrasive wear, which may be the cage when such bearings are pivoted, oil may be used 
over many times and retain its lubricating power; while with short rigit bearings of soft metal, 
oil when once used ja wasted, bocause loaded with metal dust. By using vil over several times it is 
not meaut that the drippings may be caught and again poured on a bearing, but that oil contained 
in a reservoir can be fed to a bearing, ail hy the motion of a shaft be circulated until the lubri- 
cating property of the oi] isexhansted ; the amount of oil consumed in the bearings of line shafts, 
when applied fn this manner, is rrely more than one-fifth part as much as will be consumed and 
wasted if poured on at intervals and be permitted to run off and be lost because too foul to be used 
a seoond time. In respect to repairing, it is evident that bearings which do not wear will not 
require renewal, and that bearings which keep in line will avoid those conditions which lead to 

ment and detention. 
a 2933 is shown a section of a hanger constructed on the ball and 8 cket principle. Part of 
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the frame of the hanger is represented at a, b is the top box, c the bottom box; these two form the 
journal box or bearing B, in which the shaft rotates. This box is provided, top and bottom, with 
spherical surfaces, s0 pluced as to be in reality portions of a sphere which has its centre in the 
centre of the axis of the box B; ¢ and ¢, called the plungers, are screwed into the frame, and are 
provided with cup-shaped ends to clasp the sphericnl parts of the box; and in these cup-shaped 
ends the box B can rock toa limited extent in every direction. The screwed aoa dande serve a 
double purpose ; first, of providing the socket for the sphere to roll in, and secondly, to permit of 
a vertical adjustment of the entire box to bring them in line, one with the other. At / is an oil 
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dish to eatch the drippings from the box. It is quite evident that a shaft placed in such a bearing 
will control the positions of the box, and will press uniformly over the entire length of the box. 
Figs. 2284 an] 2235 are a front and side elevation of a suspension bracket or hanger; Fig. 
2236 is a post hanger or wall-bracket: and Figs. 2252 and 2237 are front and side elevations of a 
vedestal baring ; these are all pivoted and adjustable bearings, constructed on the above principle 
y Richards and Atkinson, of Manchester. 

In Figs. 2239 and 2240 is indicated a plan of pivoting for what are known as open brackets; 
the supporting bracket of thia bearing is not shown in the figures, which are mercly diagrams to 





show the construction and action. Ina vertical plane the bearing moves on the pivot at a; the 
stem ¢ providing for the other movement in a horizontal plane. Lateral and vertical adjustment, 
within certain limits, is secured by means of the set serews at mand the ring-nut n. 

A method of constructing a pivoted and adjustable hanger for countershafta, and one which, 
iu practice, has some advantages not commen to such hangers, ia that in Fig. 2241. The means 
of pivoting and adjusting the bearing will be readily understomdl from the drawing, except as to 
the long range of vertical adjustment. This last feature is an expedient to regulate the tension 
of belts coming down to machiues such as lathes. The principal object, however, is to avoid 
coupled joints in the cone belts of lathes; with bangers constructed in this way, a lathe belt can 
be endless, made in one piece, and the tension be regulated at will; as the belt stretches the 
hangers can be set up by turning the nuts ata, care being taken to adjust both ends of the shaft 
the sane. The bracket frame is cored ont at ¢, large enough to permit a lateral adjustment of the 
““--7 ¢, 60 aa ty keep the countershaft in line with the main driving ahbaft. 
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Crane’s adjustable and pivoted bracket, with self-lubricating bearing, is ehown in Figs. 2242 
to 2244; Fig. 2242 is a side elevation, Fig. 2243 a section on the line a6, and Fig. 2244 a plan 
view of the bottom half of the bearing showing the cradle C in its place. The journal bearing B 
is connected with the hanger or bracket H by means of the pendent swivel-pin P, and is thus 


22Al. 





eapable of turning horizontally on a vertical centre ; this swivel-pin is cast in one with the upper 
half of the bearing Bo and is adjusted vertically by means of the screw-nuts S The upper half 
of the bearing B is formed with a flanye, at about the middle of its length, to receive the coupling 
screws s, Which secure the two halves of the bearing Btogether. Iu the lower half of the bearing B 
ig supported, upun half-round trunnions ¢c’, a cradle C, which is thus free to adjust itself vertically 





to the position of the shaft which it carries. The cradle C is of brass, and lined with 1 ; 
but would cvidently be better if made of cast iron, for the reasons already pointed out. At the 
bottom of the cradic C is a projecting tubo ¢, which dips into the vil-well D, formed in the 
bottom half of the bearing B. The tube d forms a conductor for the oil, which is caused to rise 
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automatically from the reservoir D, and spread itself over the bearing-surface of the cradle O, by 
the following means: one side of the tube d is chamfered or recessed, as at d’, and thus the shaft, 
when driven, produces a partial vacuum in the tube, and causes the oil to flow up from the reser- 
voir, and so to lubricate the rubbing surfaces. 

Vollrath’s improved hanger for line shafts is shown in Figs. 2245 to 2248; Fig. 2245 is an 
end elevation, Fig. 2246 is a side elevation showing the shaft in position, Fig. 2247 is an enlarged 
view of the bottom part of the hanger, and Fig. 2248 is a vertical section through the centre of the 
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last figure. The object of this invention is to facilitate the placing of shafts, the removal of them 
for any cause, and the replacing of them without interfering with the position of the bracket or 
hanger in which they are suspended. The hanger A ia formed with a circular opening 8 in its lower 

t fur the reception of the journal-box or brass B; a slot R is also formed in the lower part of the 
hanger to allow the entrance of the shatt into the opening S.. The box B has formed on its under 
side two convex projections cr, which are separa from each other by an angle of about 60°, and 
when inserted in the opening 8, it is held in position by a set screw C, which engages in a counter- 
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sunk recess formed in the outer surface of the said box. To strengthen the slotted part of the 
hanger, and prevent ita spreading by the wedge-like action of the projections c on the inclined sidea 
of the opening §, a clamping cover D is attached to the hanger by the screws G. The hanging 
of the shaft in its bearings is accomplished as follows: The boxes having been slipped on the 
shaft, the latter is passed through the alot R, as at 7, Fig. 2246, and the clamping covers D are 
attached to the hangers; the boxcs B are then slid along the shaft, and brought into their proper 
pusitions in the openings 8, and fastencd in place by the set screws C, as at db. 

Smith and Coventry's patent adjustable hanger, Figs. 2251 to 2253, consists of a frame-casting A, 
having a planed vertical surface, to which is bolted the bracket B by means of two bolts 66'; the 
lower of these bolts, 4’, acts as a pivot upon which the bracket B can swing laterally within suit- 
able limits, the hole through which the upper bolt, 4, passes, being elongated to allow of this play. 
At the bottom of the frame A is a set screw s, by means of which the bracket B is adjusted 
vertically. The pedestal P is seated on the brackct B, and is held securely down to the same b 
the bolt c; in the centre of the underside of the pedestal is formed a turned projection o, upon which 
the samc swings radially, thus affording « delicate adjustment to the shaft, and ensuring perfeot 
contact without the use of packing. The bearing surface in this hanger is of cast iron, and 
is uae diameters in length; one oil-cup and two tallow-cups, one on each side, supply constant 
Jubrication. 

: The following method of adjusting a line shaft is given by Joshua Roso in a paper in 
* Engineering ’:— 

3 a woe a number of frames, Fig. 2252, called targets. These are formed of pieces of 

wood nailed together, with the outer edge face planed true, and having on one side a line 
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marked parallel with the planed edge, and about 2 in. distant from it. This line is intended for 
use as a guide in conjunction with the plumb line B. The nexé proceeding is to stretch 
a line vertically, parallel with the line of shafting, but sufficiently below to clear the largest 
hub of any of the pulleys upon it, as shown in Fig. 2253, in which A represents the shufting 
B the largest pulley hub, and C the stretched line. In adjusting this line, however, we have 


the following canuiderations: If the whole line of shafting is of one diameter, the line C is set 
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equidistant from the shafting at each end; but if one end of the shafting is of larger diameter 
than the other, the line C must be sct further from the surfuce of the shafting, at the small end, to 
an amount eyual to one-half of the difference in the two diameters ; and since the line is suffi- 
ciently far from the shafting to clear the lurgest hub thereon, it makes, so far as stretching the 
line is concerned, no difference of what diameter the middle sections of shufting may be; the line 
should, however, be sct true, as indicated by a spirit-level. 

“The next proceeding is to erect the targets as follows: The planed edge is brought true 
with and barely touching the stretched line, and is also adjusted, so that the plumb line B, 
Fig. 2252, will stand true with the line, and when so adjusted, the target is nailed to the 
post carrying the shaft-banger. In performing this nailing, two nails may be slightly inserted, 
sO us tu sustain the target, aud the adjustment made by tapping the target with the hammer, and 
the nails then driven home, the operator taking care that driving the nails does not alter the 
adjustment; in Fig. 2254, A is the line of shaiting, B are two of the hanger-posts, and C two 
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of the adjusted targets. Having adjusted and fixed, in the manner above described, a target to 
each of the posts supporting a shaft-hanger, remove the horizontal stretched line C, Fig. 2253 ; then 
take a wooden straight-edge, long enough to reach from one post tu another, and beginning at one 
end of the shafting, place tho flat side of the straight-edge against the plancd cdze of two targets, 
at a distance of about 15 in. below the top of the shafting, and after levelling the straight-edge with 
® spirit-level, mark a line on the planed edge of each of the two targets, even with the edge of the 
straight-edge; move the straight-cdge to the next pair of targets, placing the edge even with the 
mark already made on the second target, level tho straight-edge with a spirit-level as before, and 
mark a line un the third target ; and continue this process until a straight and horizontally level 
line has been marked across all the targets. This operation is shown in Fig. 2255, in which A is 
the line of shafting, B one of the hangers, and C the targets; D shows the line on the first target, 
and E the line on the seound ; F is the straight-edge, levelled ready to form a guide whereby the 
line D may be carried forward, level and straight to target three, and so on across all the targets. 
The line thus marked is the standard whereby tho shafting is to be adjusted vertically. For the 
purpose of this adjustment take a wooden squere, Fig. 2256, the edges A and B of which are true 
and at a right angle to cach other. The line marked across the targets D, Fig. 2255, being 
15 in. below tho centre line of the shaft ut the end from which it started, mark upon the square, 
Fig. 2256, the line C, 15 in. from the edge A. To adjust the shaft for vertical a a apply this 
B 
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gange at each of the targets in the manner shown in Fig. 2257 ; and it is evident that the shaft will 
be set exactly true, when the mark C on the square comes exactly fair with the lines D marked on 
the targets. For horizontal adjustment, place a straight-edge along the face of each target, and 
adjust the shaft equidistant frm this straight-edge, as shown in Fig. 2258, in which A is the shaft, 
B the tarzet, C the straight-ede, and D a gauge, or distance piece. If these two gauges are applied 
at evcry target, and the adjustments made, as shown in Figs, 2257 and 2258, the whole line of 
shafting will be set level and true. 

“There are, however, several points during the latter part of tho process at which consideration is 
required. Thus, after the horizontal line marked on the targets by the straight-edge, and used for 
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the vertical adjustment, has been struck on all the targets, the distance from the centre of the 
shafting to that line should be measured at each end of the shafting, and if it is found to be equal, 
we may procced with the adjustment; but if, on the other hand, it is not found to be equal, we 
must determine whether it will be well to lift one end of the shaft and lower the other, or nake the 
whole adjustment at one end by lifting or lowering it, ag the case may be. In coming to this deter- 
mination we niust bear in sain what effect it will have on the various belta in making them too 
long or too short ; and when a decision is reached, we must mark the line C on the pauge, Fig. 2256, 
accordingly, and not at the distance represented in our example by the 15 in. 

* The method of adjustment thus pursued possesses the alvantage that it shows how much the 
whole line of shafting is out of truth before any adjustment is made, and that without entailing 
any great trouble in ascertaining it; 80 that, in muking the adjustment, the operator acta intell- 
gently, and does not commence at one end utterly ignorant of where the adjustment is goiug to 
lead him te when he arrives at the other. Then, again, it is a very correct method, nor dues 
it make any diff-rence if the shaftiny has sections of different diameters or not, for in that caso 
we have but to measure the diameter of the shafting, and mark the adjusting line C, Fig. 2256, 
accordingly, aud when the adjustment is compl-ted, the centre line of the whole length of the 
line of shafting will be true and level. In further explanation, however, it may be well to 
illustrate the method of applying the gauge, Fig. 2257, and the straight-cdge C, and gauge D, 





Fig. 2258, in cases where there are in the same line sections of shafting of different diameters. 
Suppose, then, that the line of shafting has a mid-section of 2} in. in diameter, and is 2 in. in diameter 
at one end, and 2$ in. at the other. All we have to do is to mark on gauge, Fig. 2256, two 
extra lines, D) and E, the distance between C and D, and also between C and E, being } in., that 
is half the amount of the difference in diameters; then if the line C was at the proper distance 
from A for the section of 24 in. diameter, the line D will be at the proper distance for the section 
of 2 in., and E at the proper distance for the section of 2} in. in diameter. In like manner, 
for the horizontal adjustment, the gauge piece D, Fig. 225%, would require, when measuring the 
2}-in. section, to be 4 in. shorter than for the 2-in. section, while for the 24-in. section it would 
require to be } in. shorter than that used for the 2}-in. section, the difference again being one- 
half the amount of the variation in the respective diameters. ‘Thus the whole proccss is simple, 
eaxy of accomplinhincnt, and very accurate. 
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“If the line of shafting is suspended from the ceiling instead of from uprights, the method 
of procedure is the same, the form of the targets being varied to suit the conditions. The 
process only requires that the faced edges of the targets shall all stand plumb and true with 
the stretched line. It will be noted that the plumb lines B, Fig. 2252, are provided simply as 
guides whereby to set the targets, and are put at about § in. inside of the pieces edges, sO as 
to be out of the way of the stretched line. ft is of no consequence how long the stretched line is, 
since its sag does not in any manner disturb the correct adjustment.” 

The flexible shaft is of great service for such purposes as transmitting power to or from an 
ordinary shaft to many tools, as drills for boiler work, brushes for fettling castings, and the like. As 
now constructed the flexible shaft is made up of a core, a case, and appropriate fittings by which 
oe are joined, and rotary motion communicated to one end of the shaft and delivered at the 
other. 

The core is composed of a series of concentric stecl wire coils wound hard on each other, the 
direction of the pliali Changing with each layer. The pitch direction of the outside layer is such 
that the latter will tend to contract under strain, the shaft always running one way. he case is 
made of a bollow coil of square wire, with a slight groove on the outer side. The coil is covered 
with leather, the office of the groove in the wire being to prevent the leather from slipping. The 
inside diameter of the case is slightly larger than that of the core, and the ends are furnished with 
iron ferrules to receive the driving pulley and the head-piece carrying the working tool. 

If a piece of core be mounted in bearings, and curved excessively, it will soon begin to heat, if 
set in motion, and will finally break. This contingency is provided for by making the case suffi- 
ciently rigid to prevent bending beyond the safe limit. There is some slight rubbing action between 
the wires of the inner and outer coils, but the effect of this is so slight as to be imperceptible, oven 
in shafts that have been a long time in service. The other frictional elements are those common to 
all machines, the wear of the journals and their bearings, and the wear of the outcr layer of the core 
at points of contact with the case. 

STEAM NAVVY. 

Figs. 2259, 2260 are of a steam navvy, by Ruston, Procter and Co., consisting of a rectangulartruck, 
supported on four wheels, carrying the engine and boiler, wheel gear, fixed post, and jib. The engine 
is vertical, of 10 H.P., two cylinders, and gives motion by a pinion upon its crank shaft, to the main 
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spur wheel upon the main hoisting drum shaft, from which the motion is commanicated to the drum 

for swinging the jib, and the drum for drawing the bucket back. The drum for swinging the jib 

has a reversing friction motion for swinging both ways. ‘The buckct handle is regulated by hand 

wheel and chain pinion, which give motion to a pinion at the top of the jib, gearing into a rack 

upon the bucket handle. The truck is provided with six strong screws, or niting jacks, for the 
B 
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purpose of steadying and taking the whole weight of the navvy when at work. The jib which 
carries the bucket handle is constructed entirely of plate iron, and strengthened with angle iron, as 

also is the fixed post and truck. At the bottom of the fixed post is a water tank for supplying the 

boiler. The bucket is of plate iron, and fitted with four stee poe teeth, and a sharp steel nose 

where it first enters the ground. Iwproved propelling gear is also provided for moving the machine 

along the rails by a self-acting arrangement of reversing tooth gear, which communicates the 

motion to the front axlo by an endless chain. A corrugated iron rouf covers the engine, and the 

whole of the working parts, exoept the jib gear. 

In an account of some work executed by this machine, in the Min. Inst. C.E. vol. lii., the dimen- 
sions of the cutting to be excavated were 30 ft. wide at the base, slopes 2 to 1, greatest depth 22 ft., 
smallest depth 12 ft., length about 15 chains, contents about 45,000 cub. yd. 

The navvy is placed upon the formation level of the cutting, on two lengths of large flat-bottomed 
rails, laid upon sleepers 12 in. by 6 in. deep, about 2 feet apart. A tramroad for empty wagons 
follows up the centre line hebind the navvy, and there is a road on each side the machine for filling 
waggons, parallol to the centre roud, but at a level of about 8 ft. above formation. The waggons 
have to be brought up fo a position at right angles to the centre line of the machine, and direct] 
under the bucket for filling. The bucket describes a radius of about 20 ft., thus uiring a width 
of working room exceeding 40 feet across the cutting. This is secured by laliie udvaitace of the 
slopes at the false level. ‘The roads are connected at the mouth of the cutting by points, and close 
bebind the navvy by jumps, so that all returned emptics are passed up the centre road, and supplied 
to each side alternately by horses through the jump. When filled they pass out duwn the side 
read to form a train at the mouth of the cutting. In this way two waggons can be filled in a few 
seconds over five minutes. The process of getting the earth by the machine bucket may be best 
described us paring the surface from the bottom to the top in a serivs of strips, about 4 in. or 6 in. 
deep, from the centre of the cutting tu each side wazgon, in the form of a basin, resembling the 
inside of a conchoidal shell. The man ut the wheel regulates this motion, and may show great akill 
or otherwise in its guidance, as the more regular the action the less is the wear and tear of the 
machinery. When the bucket reaches the top, the driver jibs round to the waggon, drawing slightly 
in from the face by another motion at the same time, and directly the buckct ix over the wagyon the 
wheel man pulls a string connected with a catch to the trap-duor, or lid, at the bottom of the 
bucket, and the contents fall into the waggon. The catch-man refastens the catch, having pre- 
viously thrown back any lumps which roll in its way, and the bucket returns and drops to the 
ground for another slice. Men in the gullet and on the slopes constantly cut out the little corners, 
which lie outside the basin or bucket radius. This is continued until the face becomes too far 
advanced for the bucket tu reach, when the whole machine is moved onward by screwing up the jacks, 
pulling the rails forward, lowering it down again on ita wheels, and the navvy then advances by 
its own locomvtiun to the position necessary for a fresh start, an operation which usually occupies 
about ten minutes. This moving of the machine requires to be done about four or five times a day, 
and at the close of a good day’s work in a cutting, the navvy will be about 6 ft. fn advance of the 
position in the morning. 

Generally the harder and tougher the stuff, is the greater is the saving over hand labour. To 
suit the different materials the same-sized machine has been supplied with buckets of from I yd. to 
nearly 2 yd. capacity, the most useful size being the Lyd. The working face may be se much aa 
29 to 25 ft. deep, the deeper the better, other things being equal, as then less proportionate time is 
Jost in moving furward the machine. In this case also the kind of material fixes the most 
economical depth to work at. Cuttings in which there are two wagyon tracks will vive a much 
better result than these in which there is only room for one track, there being leas delay in bringing 
up the wagvens, aud a leas average distance swung round by the jib. The last objection applica 

alo to machines working a longitudinal facegwhen more time a day is occupied in moving forward, 
owing to the jib having but two-thirds the range of cut that it has when working in a gullet, ox- 
cavating one-third lesa material between each forward movement, and necessitating a forward 
movernent more frequently, in the proportion of 3 to 2, an important item iu the long run. It is 
almost superfluous to udd that the greater the content of the excavation the more profitable is the 
hn less Une and moncy being expeuded proportivnately in fixing and getting the machine to 
work. 

In conclusion, the advantages of the steam navvy may be summed up as follows. It will 
excavate an! deliver into waggons 500 to 600 cub. yd. of stuff a day. It is suitable for any kind of 
material, from sand and gravel to the toughest clay. 1¢ will turn out work requiring fifty to sixty 
navvies to accomplish by hand. It can readily be handled by two men and a bey. It effects a 
great saving in time, and can be taster set to work in situations where it would be difticult to get 
the quire hand labour, and tik mure se to keep tugether a large body of men. 

In the ordinary Bessemer operation, when the flame drops, as observed by the naked eyu, or 
when the carbon lines disappear, as more accurately observed through the spectroscope, there still 
remain in the metal some hundredths of a per cent. of carbon, silicon, and all the phosphorus 
Which the metal originally contained. Farther blowing would oxidize the iron itself. But if the 
slag in the converter, instead of being acid, ae silica, aa in the ordinary operation, is basio, 
chiefly lime, a small part of the phosphorus will be found in the slag, instead of in the metal, 
When the fume drops. And if the blowing is further continued for two or three minutes, all the 
phosphorus, excepting a few hundredths, will be found in the slag, and the iron will not have been 
much oxidized; it will have been protected by the phosphorus, Chemists disagree as to the 
reactions which occur. It is supposed that phowphorus is always oxidized by the air blast, and that 
it constantly returns to the iron in presenee of an acid slag. It is certain that « basic slag retains 
the phosphorus, however it may have obtained it. The basic process, therefore, consists of two 
things—the maintenance of a busic slag, and the afterblow. 
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The basic slag is formed by the addition of about twenty per cent. of lime to the iron charge in 
the converter before or during the blowing. The basic slag is maintained chiefly by making the 
converter lining of lime, and also by using iron low in silicon. An acid lining would be destroyed 
by the lime additions, and would vitiate the slag. The latter result would be produced, also, by 
silica formed by the oxidation of the silicon in the iron. The difficulty has been the limited 
durability of the basic lining. After much experimenting, practicable linings have.been made of 
dolomite bricks formed by wetting and moulding pulverized magnesian limestone, and then burning 
at the highest uttainable temperature. The magnesia prevents the bricks from crumbling when 
exposed to the air. Linings are also formed by ramming hard-burned, pulverized dolomite, mixed 
with ten per cent. of tar, into the converter. Ordinary firebrick tuyeres are used in lime bottoms, 
or the bottoms are rammed around rods which form tuyere holes. 

coe afterbluw presents little difficulty ; its duration is soon determined for any grade of matcrial 
and products. 

In order that the phosphorus may be thoroughly removed, there must be plenty of it. Silicon, 
the chief heat-giver in the ordinary process, must be kept low. Phosphorus is also a heat-giver, 
but there must be enough of it to maintain, by its combustion, perfect fluidity in nearly purc iron. 
At a lower temperature the Bessemer process could not be completed. Iren best adapted to the 
busic process has 2 to 24 per cent. of phosphorus, and under 1 per cent. of silicon, also 1} to 
2} per cent, of mangancse—a heat-giver and a valuable ingredicnt in steel ; but the manganese may 
be dispensed with at this stage of the operation. The afterblow completely removes the silicon and 
reduccs other impurities. 

Spiegelcisen, or ferro-manganese, are added to the blown metal, but most of the slag is first 
poured vut of the converter, so that the manganese shall not carry the phosphorus out of the slag 
to the iron. Otherwise the process is conducted in the usual manner. 

The practical success of the basic process is chiefly due to the researches of S. G. Thomas and 
P. G. Gilchrist. Their carly method of working was to charge the additions of oxide or iron and 
Hime at the sume time intu the converter, and pour the molten lead upon them. The quantity of 
additions varied from 15 to 25 per cent. on the metal charged, according to the amount of silicon in 
the pis iron used, but it was soon found that the oxide of iron was unnccessary ; besides, it cooled 
the bath of metal, and lime additions only are required. After about three minutes’ undcrblow, a 
sample of metal was taken, and when the bath was sufficiently dephosphorized to give a soft ductile 
metal, the spiegel was added. 

William KRict ards, who has had much experience with the process, described, in 1880, some 
converters at the Cleveland Stcel works of a size and form which he expected would enable bim to 
overcome some of the difficulties experienced when working with the old converters on the basic 
system. Fig. 2261 shows the form and size of the converter adapted. It is conccntric, whilst the 
old converters are cecentrie. During the operation of blowing, the lime and 
metal are lifted by the force of the blast, and when that force is somewhat 
expended the materials full again on to the bottom in the new form. whilst 
in the old form some portions would cling to the nose. The concentric form 
has also another advantage; it gives a much larger areca of floor to work in 
by cunbling the metal to be poured into the converter when turned on its 
side with the nose pointing away from the converter ladle crane, just the ¢ 
reverse of the present practice. In Richards’ plan of operation the con- 
verter is first heated up with coke, so as to prevent the chilling cf the metal. 
Then a measured quantity of will-burned lime, about 16 per cent. of the 
> weight of molten metal fhixed with a small quantity of coal or coke, is 
charged into the converter, and blown till the lime is well henuted. The 
inolten inctal is then pourcd on the lime additions, the blast of 25-lb. pres- 
sure is turned on, and the carbon lines disappear in ebout ten minutcs; then 
after about two and a houlf minutes’ overblow, the converter is turned down, und 
a small sample quickly made, which is beaten into a thin sheet undcr a small 
stcaim hammer, cooled in water, broken in two pieces, and the fracture shows 
whether the metal is sufficiently ductile. If it is not so, then the blowing is 
prolonged, after which the usnal spiegel is added, being poured into the ladle, not into the 
converter. In order to work economically, the metal should be taken direct from the blast furnace, 
80 as to avoid the cost of remelting in a cupola, and to avoid further contact of the metal with the 
sulphur and impurities of the coke. It is nut an casy matter te accomplish in a blast furnace the 
manufacture of a metal low in silicon and at the same time low in sulphur. Richards has succeeded 
in making a mottled Cleveland iron with 1 per cent. of silicon and *16 sulphur, and white iron with 
*$ silicon and °25 sulphur, which, taken direct from the blast furnace, have both made excellent 
steo). There is, however, another method of operating which obviates the necessity of making a 

rticulur quality of Cleveland pig iron. In the transfer system grey iron is taken direct from the 
last furnuce to the converter without any consideration as to the percentage of sulphur, which is 
always low in grey iron. ‘This grey metal is poured into a converter with @ silhcious lining and 
desiliconized, when, after twelve or fifteen minutes’ blowing in the ordinary manner, it is poured 
out of the converter into the ladle, and poured again from the ladle into a converter lined with 
dolomite, taking care that the highly silicious slag is prevented from entering the basic-lined con- 
verter. In the second converter it is only necessary to add sufficient lime for the absorption of the 
phosphorus of the metal, and the blowing need not occupy more time than is uccessary for the 
climination of the phosphorus—about three minutes. : ; 

A. L. Holley pointed out, in a paper read before the American Socicty of Mechauics in 1880, 
that the maintenance of refractory linings in Bessemer stcel converters in such a way as to promote 
regular and maximum production, has been the subject of more experimenting than any other 
feature of the Beasemer system, and it is ati}l the least perfect and satisfactory feature, excepting, 
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peeps the casting of steel. Linings are not only eroded by the mechanical action of the charge, 
ut they are chemically decomposed by its various slags. The silica linings usually employed 
have, indeed, been so improved that an average of say sixty charges in twenty-four hours can be 
gut out of a pair of converters, and the shifting of interchangeable converter bottoms, containing the 
tuyeres, is so rapid that it does not delay production ; but the repairing of the fixed lining just 
above the tuyeres, where both mechanical and chemical action are most severe, is frequently the 
cause of delay, and the operation rapidly performed between heats is tedious and costly. The 
accumulations of slag on other parta of the lining must also be quarried out, elae the converter will 
become too small for the charge. 

These are the conditions of maintaining silica linings; but the difficultics are increased, probably 
about threefold, when the linings are made of lime, for the basic proceas. 

Basic bettoms and tuyeres stand ten to fifteen charges, nearly equalling acid bottoms, and they 
may be readily changed ; but basic linings, near the tuyeres, and also in other parts where abrasion 
is severe, wear rapidly and must be frequently repaired by cooling the converter and inserting new 
bricks, or patching in some suitable manner. he converter ia thus put out of use fur at lcast 
twenty-four hours, a very serious delay to production. From a wide observation Holley states that 
a basic lining is rarely run above sixty charges without extensive repairs, and in some works repairs 
are made every time a bottom is set. With some irons there is also an accumulation of slag around 
the mouth of the converter; its removal sometimes also causes delay. 

The output of a pair of converters in Europe averages about half that of a pair of converters of 
the same size in the United States, and is often less than half. The limited endurance of basic 
linings in Europe is therefore a less conspicuous defect. 

There are two reasonable conditions of improvement; the one is to prolong the ondurance of 
basic materials, s0 that their repairs can be made with little delay, while the converter is in position 
for use. There seems to be little or no progress or probability of immediate progress in this direo- 
tion. The other is the rapid and complete removal of a worn lining and the replacement of a 
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repaired one. A third system is to double or treble the entire converting plant. The only practi- 
cable way to replace a refractory lining, which cannot be handled by itself, is to replace the vessel 
which contains it. The worn portions of the lining may thus be oa esd at leisure, in another 
part of the works, rather than iu position for use, where repairs would retard output. 
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An obvious way to replare an entire converter lining is to replace the entire converter. This 
svetem is already under construction in Europe. The method is to Lift the converter bodily out of 
ita pillow-blocks. Figs. 2262, 2263, and convey it to the repair shed by means of an overhead 
traveller; then setting a repaired converter in place by the same means, Sucha plant is doubtless 
cheaper than a duplicate plant, and its outpat should bo materially greater than that of fixed con- 
verters. But the operation of changing an entire converter mast be slow and tedious. When the 
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arrangement is such that pillow-block caps are required, these must be loosened by unscrewing 
heavy nuts; then they must be made fast to the crane chain, lifted, traversed, and set down. The 
blast-pipe connection must be broken, and possibly some platforms must be removed. Then the 
traveller is placed exactly centrally over the converter, ponderous chains are made fast, the mass is 
raised high enough to clear surrounding parts, and drawn laterally to the repair shed; then the 
converter is placed centrally over its seat, and lowered and steadied, as it swings from a chain, 
into ita pillow-blocks. The repaired converter is raised, traversed, and set in place by repeating 
all these operations; the blast connection is then made, and the pillow-block caps are lifted, 
traversed, steadied into place, and screwed down. If the converter is removed in sections, trans- 
ferring each section and making the refractory joints will occupy much more time. The chimneys 
ana the openings in the side of the building must be high enough to make passage not only for the 
traveller but for the converter when lifted out of its seat, and for the chains that sustain it. A 
traveller of the required power, height, and length is obviously a ponderous and costly structure, 
and to work with reasonable specd it must have independent steam power, since the hydraulic 
system of the works cannot well reach it. 

The method of replacing the lining proposed by Holley is removing only the shell of the converter, 
lowering it out of the trunnion ring casily and rapidly, by means of a simple lift and car, and 
replacing a repaired shell by the same means. No pillow-block caps, blast connections, nor other 
surrounding parts are touched; a dozen cotters are knocked out, the shell is lowered and run 
straight back to the repair shed, the new shell is run in, lifted, and cottered on. The machinery 
and transference are on the general level, and not 40 feet or more up in the air, The car may be 
moved by a small reversing engine, or by a hydraulic capstan, by means of a wire rope and sheaves 
suitably arranged. The car rune against a stop, and the lift is perfectly vertical, so that the shell 
may be put in place by two rapid motions without the delay of adjustment. 

The lining may be heated Pefore the shell is put in place, and bottoms and tuyeres separately 
removed, as at present, or they may be taken away with the shell, and repaired withont removal 
from it. In the latter case, the shell must be placed in trunnions, in the repair shed, so that the 
bottom may be turned downward for repairs. But if the bottom is first removed. the shell need not 
be placed in trunnions in the repair shed; the shell will stand mouth downward on the car, a 
position most favourable for repairing both the mouth and the lining about the tuycres, which are 
the two places chiefly needing repairs. This is doubtless the better plan, and it saves the cost of 
supplemeutary trunnion rings and turning year. The converter may be hung so high above the 
gener level that the bottom and tuyere box can be hauled out, with the shell, under the trunnion 
ring. In case the bottom is previously removed, the converter may be hung some 3 fc et lower. 

It has been remarked that in Amcrican works converter bottoms are changed so rapidly that one 
in always ready, even when tuyeres stand but cight or ten operations. Changing couverter shells 
is much more rapid than changing bottoms. The several operations of removal and transportation 
are the samo, but the converter lining must be trimmed out to receive the new bottom, and a 
refractory joint must be made. The new shell has merely to be cottered on. 

The comparative cheapness of apparatus to change the shell, instead of the evtire converter, is 
obvious, The two hydraulic lifte for removing the bottoms are made heavier, and there are several 
ears of sitaple construction; this ia the entire extra apparatus, The increascd cost of the converters 
is not important. In the other case the traveller. with its engine and the standards and turning 
gear in the repair shed, and the trunnion rings and pinions, the chief cost of the converters, for cach 
spare ebell approach in expense that of a duplicate plant complete. 

To avoid damage to the lift under the converter, in case the charge should burn throuch and 
fall upon it, the lift table may be sunk several inches below the pit level, and covered with sand. 
Figs. 2264, 2265 are of Hollcy’s plan for quickly changing the 
converter without removing the trunnion. 

Tho trunnion ring, Figs. 2264 to 2265, is of cast iron. with an 
inch wrought-iron lining; if a stecl casting, it will not require a 
lining. ‘There is a 2.inch annular space between the trunnion 
ring and the converter shell, and the shell is prevented from 
shifting Interally by means of the wedges Fig. 2265. The car is 
raised by the lift to receive the shell; or the shelf may be lowered 
by means of a fork on the lift passing through the car. 

Thies construction of converters has led the way to a general 
improvement in the design of the plunt. The sbells and Lottoms 
may be run out laterally into the converting house, but the space 
here is insufficient for convenient repairs, and the shells fur one 
converter could not be well got to the other. In order that there 
may be one common place for repairs, and ample room both for 
spere shells and apare bottems, they must be run out in rear of the 
converters. If blast furnace metal is brought directly to the con- 
vortera, thin rear space in not otherwise wanted, but if cupolas are 
placed there, as ia usually the case, they must be so arranged that 
the shells can pass out under them. 

But the cupolas, excepting the spiegel cupolas, may best bo 
placed elsewhere ; if thore are blast furnaces the cupolas may be so 
arranged near thom, as to utilise the same system of transportation, 
hoisting, blowing, and hot blast. There should be plenty of spare gas from good furnaces to heat 
cupola blast. Those are very important considcrations regarding both cost of plant and economy of 
working. And judging from the experience at many works, the disadvantages of hauling fluid 
iron some thousands of feet in a railway ladle, are lear than those due to crowding the melting 
department and its stock yard and appurtenances close hohind the converters. 
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Placing only the spiegel cupolas, instead of the entire melting department, close behind the 
converting house, leaves its rear comparatively open to free ventilation, thus cooling not only the 
space around the converters, but also the casting pit. 

This arrangement provides ample room for the convenient removal of slag, which in the basic 
process is very voluminous; one long dumping car placed under both the converter and tho ladle, 


catches it all; and as the bottom of the pit ie on the 

general level, the slag is neither handled nor lifted, the mace. 

car is simply hauled out by the yard locomotive and ee 
dumped. (J EER 


Iron may be got to the converters in a ladle, by 
various means. It may be hauled on the general level, 
to one or more hoists, and run into short spouts or 
directly into the converter mouths, or it may be drawn 
up a pradual incline, or lifted by a hoist to an elevated 
railway near the converters, and thence tipped or tapped 
into them directly or through spouts. 

The ladle may be run to the converter mouth by 
varinus means, 80 as to tip directly into it, but the 
application of power to the transportation is awkward 
and difficult, so that there is more or less delay. The 
ladle is drawn by a locomotive to short, steep spouts 
leading to the converters ; there is no lateral nor hand 
movement, and hence no delay. A spout leads to cach 
eonverter, chiefly for the purpose of leaving the space ode 4 
between the converters, where the common spout is Bil ioSe eit e sic) Wags aes es 4 
usually placed, quite free for the spiegel ladle. Bae a a 

The spiegel cupelas and their appurtenances occupy is ee wa 1: 
so little room that they are placed, without interference - 
with other apparatus, very near and above the cun- iil 7 ry (fT if 
verters. A railway ledle receives the spiegel from either 
cupola, and tipa it directly into the converter quickly, a f 
and hence completely by a short run and without boist- r aes 
ing or lateral movement. It may be weighed in transit 7 i€ 
if desired. The wide platform between the converters = , 
ia at other times free for bringing lime, scrap, or other ph Se 
materials to the converter niouths, und these materials | f 
are convenicntly raised by the cupela heist 

The floor of the converting ae is raised a few 
feet. ao that the pit-bottom may be on the genera} level, 


for the convenient removal of slaz, as before explained. ee | ee 


The ground outside of the converting house slopes gra- 










dually to the general level; this facilitates the removal a 
of products, and also the drainage. SSe= cin 


The plant tor rpoiritg shells consists of two turn- 
tables, some short milways, and a shed, alao some 
latforms, and a lift fr materials. If bottoms are to be removed with tho shells, there must alan 
co moeunted trunnion rings and turning gear, also a crane, in the shed: but, an before explained, 
this seems unne essary. Room isallowed for repairing four shells at a time, but the railways may be 
lengthened to accommodate more. The plant for repairing bottoms consists of short railways and 
turntables, a space for ramming bottoms ander a alicd, and the necessary ovons for drying them ; 
aleo a crane Which sets the bottoms directly on the oven core. Lf tnyeres of ordinary size are ’ 
fewer ovens are rayuired; if the bottom is all one tayere, rammed around rods, it must be burned 
for twoor three days, an that more and hotter ovens are necemary. The repairing department may 
obviously be arring: din other ways, to sult special cases. 

The average output of the American plant, having two 6-tem to 7-ton siliea-lined converters in 
One pit, is 100,000 tons of ingots a year, It will doubtless appear that the plant ander consideration 
should preduece more with basic Hininga, because it has 10-ton converters, and moans of keeping one 
of them in constant repair, so that the converting operations may follow une anuther without 
interruption. 

The advantages of casting steel ingots in groups from below, that is, filling a number of moulds 
at the sain time from one git or runner, are so greet that many plans for casting in thie way have 
been brought forward from time to time. Phe chief practical difficulty in casting in groups bas been 
to find some entirely sati«faetory mol of stoppering the ingota, when tho moulds have been filled 
to the required beight. In some cages they sre stoppered in the ordinary way, by a thin iron Pra 
covered with damp sand and wedged down ; but to stopper in this way six or cight moulds, all full 
at the sane tine, before any of them begin to boil over, requires care and skill, and the tan also 
sucrittees two of the chief advantages of group casting, the cleanness and soundocas of the t 
the ea and the fucility that is given, by Gling up to a fixed stopper, for casting to cXa~* 
Weight. 

Durfee snzgests ams thod of making moulds for group casting closed at the top, with the exocp- 
tion of a stall sent-hole; a plan that gives a very aound, clean ingot, but noecemitates a diffurent 
mould for eneh different weight to be cast, and renders it diMcult to get out an ingot that may 
stick in the mould. Ireland usee a plain, heavy cuat-iron atepper, dropped op the metal after the 

ould in Hiled, such an is used in casting ingots of tool stecl from ant os; a stopper of this 
however, can only be used in parallel moulds, made in two parte, Lolted of cottered together, 
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in these, even when planed all over, inside and at the joint, the ingots are apt to stick, and the 
moulds after having been in use for a short time open at the joints, causing fins. 

A. L. Holley devised several modes of stoppering moulds, to be filled also from below; but they 
have not come into general use. 

In Hackney’s plan of stoppering, illustrated Figs. 2266 to 2273, the stopper used is a cast-iron 
block, about 2 in. thick, grooved round the edge, as in Figs. 2266, 2273, and of such a size as to 
drop freely into the top of the mould. A small vent-hole, about 3, in. iu diam., is drilled through it, 
and is made slightly conical that the mctal may not stick in it. The stopper is fixed in the mould 
by two cast-iron wedges, as in the enlarged plan and section, Figs. 2269, 2273, and to avoid the 
necessity for having numerous wedges to suit different sizes of moulds, or heights in taper moulds, 
the sloped face of each wedge is mado in three steps, so that each is in effect made up of three 
wedges of different thicknesses, side by side, and by using either of the three wedges forming one 
group, together with one or another of the three wedges forming the other group, the same extent 
of draw is obtained as by a single wedge of the same taper and nine times the length. To set the 
stopper in the mould the latter is drop over a post of such a height that when the stopper is 
placed in the mould and on the top of the post it is exactly at the height required. A small 
shovelful of loam, such as is used in lining stcel ladles, is then thrown in, and rammed into the 
joint by a rammer 2 or 3 in. broad, and about 4 in. thick; the wedges are driven in to fix the 
sa it in its place, and the mould is then ready for casting. The loam, or mixed clay and sand, 
uged should be only slightly damped, so that it will just cohere when pressed together in the band. 
The post is adjusted to the required height by putting packing blocks or rings at its foot to raise 
the mould or by packing under its head, which for that purpose may be made loose and fixed by a 
act screw in tho side. 

In order to prevent the squeezing down of a fin of loam between the post and the inside of the 
mould, if the loam is Fannin in too hard or if the rammer is thin, the head of the post should be a 
close fit in the mould at the height at which the stupper is fixed. Four this purpose several heads 
are gtd or the top of the post may be made Fhvelled, Fig. 2272, and four small adjustable 
blocks placed on it when it isin position. These slido down the bevelled faces of the post into the 
corners of the mould, aud close up the spaces through which loam might squeeze down. The only 
openings still left are those at a a, Fig. 2272, between the blocks, and in arranging the moulds for 
casting ingots, such as thoge for tyres, in which a perfectly smooth top is required, these are 
closed by laying over them small loose pieces of sheet iron before dropping the stopperin. Tyre 
ingots may be cast either in the form of solid cheeses, the more usual plan, or with a core, in order 
to save punching. Stoppers for both these plans of casting are shown in Figs, 2266, 2267. 

The moulda when arranged on the base plate are filled through a central git, with a branch 
leading into each mould. The central runncr is made in two parts, locked together, or clainped, as 
shown in tho illustration, rings driven over them ; or by rings put on lvosely, and fustened up by 
wedges, in the same way in which the halves of ordinary moulds for casting tool steel ingots are 
put together. The runners may be lined either with specially moulded bricks or pipes, or more 
cheaply with orlinary slightly damped ladle loam, or with mixed sand and clay, rimmed in round 
a wooden plug, which is then withdrawn. The funnel-shaped top of the runner is in a separate 
piece, put in after the lining is completed. The ruuners are dried by setting them over holes in a 
thick cast-iron plate, heated by a fire or a gas-flame ; and, in order that the lining may dry readily, 
they should be perforated all over with j-in. holes, placed pretty closely together. Where there is 
plonty crane power, to handle the runners, they are moat couveniently made of cast iron, heavy 
enough to stand firmly their own weight in casting ; but where they bave to be carried about by 
hand, they may by of light wrought iron. Doth these forins of runner are shown in Figs. 2266, 2267. 
The light wrought-iron runners are bolted or cottered down, when in use; care being taken to cover 
the lugs and cotters with sand, betore casting, that they may not become clogged with steel 
spillings. 

The branch runners Icading into the moulds are best made of moulded and burnt bricks, set in 
recesar's in the bottom plate, and made firm by dry or nearly dry loam, rammed round them. The 
old bricks may be warked up, with a little fresh plastic clay, just sufficient to make the mass cohere, 
wo that but little new material is required. Where the bricks are used in quantity, they may be 
made in a machine, in the form of plain pipe, like drain pipes, open at both ends; the hole in the 
top being cut by hand out of the unburned brick. The hole in the further end of the brick may 
either be filled op by a piece of clay, before it is burned, or closed with a little loam in setting it 
in place. 

he is well known that under tho conditions existing at most stec] works considerable waste takes 
place, which could be aynided if the ingots were cast to the weight required. As a rule, the ingots 
are calculated at the rolling mill and ordered of the weight of the finished article ta be produced, 
plus an allowance determined by prnctice, and it is the problem for the steel works to make them 
of thia desired weight. The only means to attain thia has up to the present day been the plan of 
calculation by volume, or in other words the calculation of the ingots of a given cross section, the 
height being marked with a chalk on the inside of the moulds, and this mark forming the only guido 
for the workman to gu by. . 

With this method of onsting ingots to a predetermined weight, no cxactneas can be expected, and 
to remedy this is the object uf the arrangementa, Figs, 2274 to 228], for weighing steel ingots in 
the process of teeming, which have been designed by F. Moro, of the Kladno Steel Worke, Austria. 

n Figs. 2276 to 2279 the moulds stand as usual upon bottom plates, and these upon channel 
jrons which are fastened to a base plate common to several moulds ; in this manner there is suffi- 
cient room underneath tu introduce a weighing apparatus. This consists of a lever, arranged as in 
Fige, 2274 to 2278, the apparatus being mounted on a suitable carriage running on rails, the weigh- 
ing gear being also capable of being moved laterally by means of a rack guided In a frame, 60 that 
by tuming tho pinion which gears into the rack, the platfurm of the soale can be run out under the 
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ingot mould to be weighed, the toggle joint then enabling the platform of the scule to be at once 
brought up against the under side of the ingot mould, so as to take the weight of the latter. Thus 


in this cuse instead of the body to be weighed being, as usual, placed upon the scale, the scale is 
raised underneath the body. 


2274. 2276. 2276. 
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After the required weight of metal has been run into the mould, the operator that is pouring 
can immediately bring the table over the next mould, without regarding the weighing apparatus, as 
before he has cast half the next ingot the apparatus will have been Jowered, withdrawn, and brought 
under the mould now to be filled. In this way the teeming of a charge is not delayed. The appa- 
ratus is closed perfectly, and ao an accidental spattering round of the metal cannot injure it in any 
way, and for the same reason the attendant is protected by a shield. Should any serious danger 
threaten the apparatus, the latter can be withdrawn and removed immediately. The apparatus, 
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Figs. 2274 to 2278, is especially arranged for moving on a line of raile sunk below the level of the 
pit floor and outside the line of ingots, as in Figs. 2279, 2280. Fig. 2279, however, also shows how 
a slightly modified weighing machine can be arranged on rails inside the linc of ingots and on the 
level of the pit floor, if desired. The apparatus should, if possible, be placed between the moulds 
and the border wall of the pit, which wall for this reason must be put back about 24 in. 


2280. 





In another arrangement a seale is used which is stationary, and which takes hold of the mould 
bottom plate from two sides. This is like weighing on two scales united into one. The stationary 
scale ig used in this case, as the pit is so arranged that the moulds are run upon tracks, and the 
ladle remains stationary. The arrangement is shown in Fig. 2281, from which it will be seen that 
on the platform of the mould trucks two nails are rigidly fastened, these serving for the mould plates 
to rest upon. In this manner room is made for the Gaile 
levers, which when the scale is put cut of action are in 
the position indicated by detted lines, thus letting the 
bottom plates pass over them as the mould trucks are 
moved along. The train of mould trucks is so arranged 
that when a mould to be weighed arrives above the scale 
levers tr, an exact adjustment of the mould is not neces- 
sary if the bearing edges are placed at sufficicnt distunces 
from each other. The truck being in place a cock is 
turned, and hydraulic presdure: is brought underneath the 

lunger x, which raises the main centre, and exerts a pull 

y means of the lever y, fixed at this time, on the con- 
necting rod z. This raises the one~armed lever o, and 
by it the bettorn plate is, through the levers «and c, and 
links ¢, raised and brought in balance so that the weigh- 
ing can proceed. 

Before casting, it ia necessary to know the weight of 
the empty mould. This can be ascertained in different 
ways, ither by making the moulds of one kind of the 
same weight, by correcting the differences they originally 
show by sbrinking on iron bands of different weight, or 
by marking the weight of each single mould in plain 
figures upon it, and from time to time weighing the 
moulds over again to observe any possible alternations in 
their weight. As the sliding weight on the seale beam or lever is put to mark tho weight of the 
ingot to be cast, the beam is before and while pouring in a downward position, towards the end of 
the pouring, it slowly begins to rise until the play of the scale indicates that the block bas been 
cust of the desired weight. 

STONE-WORKING MACHINERY. 

Machinery is at present employed for sawing, planing, and moulding stone, but except for 
contract work, where large bincks and slabs are required of regular dimensions, stone-machinery is 
still restricted to the sperial uses above mentioned. 

It has been frequently attempted to use the impure black diamonds for cutting stone, and 
although they are of such endurance as to stand constant use, yet there seems still to bo consider- 
able difficulty, not in the construction of the machimes, but in the method of holding the stones, 
which render them somewhat expensive for ordinary purposes. A diamond saw oonsiste of a 
common saw, citber circular or peek ieoeatinis its teeth pointed with diamonds, which are imbedded 
or clamped in the steel, so as to present a surface so much wider than the saw blade as to permit 
the latter to pasa freely through the kerf. The slit or kerf, however, is generally wider than the 
thickness of the diamond-pointed edge, which is the result of granular abrasion beyond the tecth. 
It must not be inferred that the diamonds employed are larger in diameter than the thickness of 
the saw plates. By staggering them, that is fixing them alternately firat on one side and then on 
the other, correaponding to the setting of a saw for wood, the carbons can be comparatively emall 
and yet cut their way. 
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Figs. 2282 to 2284 relate to a simple and effective stone-sawing machine. 

The machine consists principully of four uprights, each made of two semi-balks placed suffi- 
cient distance apart tv admit of the vertical motion of the cross bearers a, carrying friction rollers ¢, 
upon which the saw frame reciprocates. The latter consists of two longitudinal pieces of angle 
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iron connected together at the enda by two pieces of flat iron, Fig. 2283, which form the means of 
holding the sawa at different or equal distances apart. The saw frame is thus very light, and 
requires little power to move it. The bearers a are suspended from chains running over sbort 
barrels mounted, at the top of the uprights, on shafts carrying also grooved pulleys, over which 
run chains from balance weights, by means of which the whole or any portion of the weight of the 
suw frame and saws may be brought to bear upon the cut. 

At the under side of each end of the saw frame is tixed a wedge-shaped piece of wood covered 
with iron, forming an inclined plane ¢, Fig. 2284, which 
at each end of the stroke runs up on the friction roller c, 2285. 
thus lifting the saws and allowing of the supply of new ant 
sand to the cutting portions just as they begin a new 
stroke. The vibrating rm f from the engine, by which 
the saw frame is moved, is attached toa flat bar d with 
several holes in it, into which the pin connecting the 
vibrating arm y therewith, may be shifted as the saws 
descend into the bluck of stone. This vertical bar is 
firmly stayed, and iu such a manner that it may be 
readily fixed in the position indicated by the dotted 
lines, so as to keep the end of the urm 7 at such a 
level, that it may not tend to lift the saw frame when it 
is on the top of a large block of stone, nor throw any 
 ebppathy in an obliqne direction upon it when at the 

ttom of a block. ‘Tho ond of f is attached to a crank 
pin, the shaft carrying which is of a fixed level, ao that 
the angle which would be assumed by the arm, without 
some such arrangement aa that described, would be 
occasionally sufficient to greatly decrease or increase the 
reassure on that end of the saws, when at the top or 
ttom of a block respectively. 

With an engine of about 2} horac-power, a rough ; 
machine of this description will cut 100 sup. ft. of hard Portland stone in 10 hours. About 
seventy strokes a minute is found to be the best speed, and 16 in. to be the best length of stroke, 
the sand boing worn out after having travelled that distance. Feeding in the sand by hand- 
suppliod water is adopted, as the saws most needing it may be given a larger quantity. 
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Figs. 2285 to 2287 show the machinery in use for sawing stone in large works in London. In 
Fig. 2285 four timbers of about 9 in. square and about 12 ft. high are driven into the ground, and 
are united at the top by cross timbers and by outside diagonal timber bracings, forming a compact 
and solid stand. Between the stand, and fixed to the top cross timber, is vertically suspended a 
timber called the swinging boom. Between the stand moves the saw frame, which is suspended at 
its four corners to the stand by means of chains. On the top are the necessary pulleys and drums. 
The sawing frame consists of two longitudinal cast-iron arms about 12 ft. long and 4 in. deep, which 
are provided at their ends with longitudinal openings to reccive two wrought-iron bars, which are 
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about 6 ft. in length, 2} in. in breadth, and 2 in. in thicknesa, between which the saws are keyed. 
One end of the saw frame on each side is vidoe with a small arm bearing a slide picce, 
which serves as its guide and connection by sliding in the vertical slotting which is fixed to the 
swinging boom, and comes into action the down and upward motion of the saw frame. e 
suspension of the sawing frame is carried out as follows:—The chains attached to the end of the 
frame ene the swinging boom are coiled over and fixed to the drum which is placed on the front 
pillars, while another chain runs from the same point of the frame over the large pulley fixed to 
the shaft of the back drum, which is placed on the top of each pillar carrying a counterbalance 
weight. The chains or ropes of the free back end of the saw frame are coiled over and fixed to the 
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back drum, while again another cliain fixed at the same point of the framo having alao a counter- 
balance weight attached to it, is running over the large pulley Spent on the shaft of the front 
drum. On each side of the stand are placed winches, froin which endless chains are running over 
the large pulleys for winding up or lowering the frame with its saws. In a similar arrangement, 
but less complicated, the suspension chains, Fig. 2285, run from the two corresponding points of 
each side of the frame to a central drum on which they are fixed. Over a large pulley fixed on the 
same centre shaft, but placed outside the stand, is suspended a chain with a weight to counter- 
balance the saw frame, while a second endless chain running over the outer ring of the same 
pulley sets it in motion, thus lifting or lowering the frame. The forward and backward motion ot 
the saw frame, which is connected through slide pieces to the swinging bvom, is effected through 
the cohnection of the latter with a steam engine or to a main shaft driven by an engine. The saws 
are of malleable hammered iron, about 8 ft. long and 5 in. wide by } in. thick, plain-faced, without 
teeth. There are from five to ten saws, and sometimes even mure, in one frame. The blocks to 
be cut are either carried to the machine by trucks moving on rails, or are placed in position by 
means of steam cranes. 

The saw designed by H. Conradi is for the purpose of sawing blocks of costly marble into very 
thin slabs with as little waste as possible. The slabs cut out of the same stone can be either of 
equal or different thickness, but have as nearly as possible a parallel cut. The machine occupies 
a small space and can be easily removed, and be driven either directly by a steam engine or from 
shafting. Conradi has reversed the principle of the marble and stone sawing frames generally 
used. The principle of the ordinary saw system consists mainly in o to-and-fro and an up-anid- 
down motion of the saws, carried on by means of a freely-suspended movable boom attached to the 
engine, the saw frame being moved in a fixed frame. Conradi transforms the fixed stand into a 
movable one, carrying the saw frame with it in its forward and backward motion, the latter 
receiving its up-and-down motion by means of a suspension arrangement. The arrangement is 
shown in Fig. 2286 in sectional side elevation. In the first design the frame cousisted of four 
cast-iron columns bolted firmly together at the top and bottom, the frout pair being directly 
connected to the engine by means of connecting rods, while the other pair was guided by means of 
a guide bar bearing on a chair placed behind it. They were provided with vertical grooves 
running inside from top to bottom for the reception of the saw bearers. For greater stability, and 
to obtain the cuts in the marble as straight and as parallel as possible, the columns run on square 
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slides instead of rails, thus avoiding as much as ible the influence of vibration to which the 
frame may be exposed through irregularities in the engino by the saws enoountering layers of 
different hardness in the material to be cut. 

The saw frame consists of two cast-iron transverse beams provided with longitudinal openings 
for the reception of the saws, which are keyed on one of the booms moving up and down in the 
grooves of the front columns, the other moving in those of the back columns, which are bolted 
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firmly together, Fig. 2287. The saw bearers are fixed to a longitudinal beam running from 
centre to centre of the saw bearers by means of vertical connecting rods, the bearers being sus- 

nded by means of ropes, or chains, which, running over guide pulleys, are cviled round the 
Avan of an ordinary hoisting crab, provided with a brake fixed on the drum shaft. The brake is 
worked by a counterbalance weight on a lever, thus regulating the speed of the drum, and with 
it, through the winding up or unwinding of the rope, the up-and-down motion of the saw bearers. 
At intervals of about ten minutes the attendant distributes the sand and water used for sawing, and 
also effects the lowering of the saw bearers and places the frame in equilibrium by altering the 
position of the counterbalance weight on its lever. The pulleys for the ropes of the beam suspen- 
sion arrangement are carried by chairs or plummer blocks fastened to the ceilings, the driving or 
loose pulleys being placed on the shafts. The saw frame works with five saws. 

The practical difficulties found in setting the machine to work were the tightening of the saws 
and preventing the wear of the slide pieces from the water aud sand falling on them. The first 
difficulty has been overcome by means of strony stays, which keep the columns and suw bearcrs at 
the required distances. The second diffieulty was met by fixing a cover to the foot of the column, 
and thus preventing the water and sand spreading around. 

As regards the stays of the saw bearers, they are usually straight wrought-irons bars of about 
1 in. in diameter. They are alzo made curved in order to allow any size of stone to be brought 
under the machine, and to avoid making the framework of too great width. In some instances 
Conradi found that the sawing could be effected without fixing the stays to the saw bearers, if the 
nature of the stone did not require the saws to be very strongly tightened up. 

With regard to the work done by the machine, the cutting being obtained through the pressure 
exercised by the saw ov the stone, the grit used thus entering into the pores of the soft iron 
produces a rough cutting surface. The resistance of friction to be overcome along the rubbing 
surfaces, the travel of the saws, and the pressure, are therefore the data to be considered. It is to 
be observed that some saws working with a swinging motion cut only four-fifths of their length, the 
saws being shaped accordingly, while othera cut with their entire length. The pressure of the 
saws on the atone varies according to the softness or hardness of the latter, and it is not much 
greater in a steam than in a hand saw, as the greater pressure does not give a truly clean cut, but 
will rather tear pieces off the stone, or, if the material is too hard, will heat the saw. Therefore 
the saw is balanced until its pressure on the stone is equal to that exercised by a man, which 
Conradi assumes to be about 20 Ib. 

Assuming the engine to be making 120 revolutions a minute, and the travel of the saw to bo 
about 5 ft., we have; speed of saw= 120 x 5 ft. x 2 = 1200 ft. The coefficient of friction of 
stone on stone being = 0°71 in cases of repose, that of motion being = coefticient of repose x 0:7, 
we obtain therefore: work of cutting = 1200 ft. x 20 lb. x 0°71 x 0°7 = 11,928 foot-pounds a 
minute. Assuming further, in round figures, the weight of the cast-iron framework, with its accea- 
sories to be = 4 ton, it follows that the pressure on the slides will, with ] ft. 6 in. stroke of saw, 
become 120 rev. x 2 x 1°5 ft. = 360 ft. of travel, thus the work produced = 360 ft. «x 1120 Ib. 
x 0°18 x 0°7 = 50,803°20 foot-pounds, giving, as the work of cutting = 11,928 foot-pounda, 
work of frame motion = 50,803°20 foot-pounds, a total of 62,731 foot-pounds a minute, or 
peel = 1°90 H.P. Taking the frame composed of five saws, the work of cutting will be as 
above; 1200 ft. x 20 Ib. x 5 ft. x O°71 x 0:7 = 59,640 foot-pounds, work of frame motion as 
before = 50,803-°20 foot-pounds, makiug a total of 110,443-20 foot-pounds, or 4°34 H.P. a frame. 

This result is somewhat higher as shown oy yeciel results, the coefficient of friction and the 
pressure on the saws apparently becoming reduced during 
motion, and therefore lusing some of their direct influence 
and amount by working several saws together. With one 
frame a stone from 6 ft. to 8 ft. in length will be cut, Fs 
according to ita softness, to a depth of from 2 ft. to 2 ft. | oe | See 
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A further improvement made by Conrnadi consists 

in fixing the winding drum directly on the apparatus, : 
and in setting the machine on rollers fur the pur eviis pt 
of cutting ordipary stones, Figs. 2288 to 2291. his 
led Conradi to transform it int» a portable machine, 
and to enable it by means of timber framing, bearing 
the suspension arrangement of the saw frame, to be 
used on open ground, and to be carried from one building 
site to the other, thus enabling the builder or contractor 
to have the stones cut directly on the spot, instead of 
being sent to the stone sawing yard. The economy in 
time and labour thus obtainable is worthy of considera- 
tion. It is specially applicable for small buildings, where 
the contractor, after having the stunes cut in one place, 
could send the machine to work at another place. 

The requirement of this kind of work is fully met in 
this machine, the practical value of which is increased 
by providing it with a lifting arrangement, and in using 
the drum for the up-and-down motion of the saw frame 
for lifting and lowering the stone. The machine thas effects all the manipulations ee The 
stone coming from the quarry is carted directly under the machine, where it is Hfted iuto position 
ready to be cut, and when finished is replaced in the cart to be taken away. The timber framing, 
shown as driven into the ground, can also be placed on rollers and steadied by means of wedges oF 
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similur arrangements. The cast-iron framework, Fig. 2286, is placed on ordinary road rollers 
travelling over ground laid with gravel. The lifting apparatus is fixed to a bracket provided with 
a shaft, and which is either fixed to the boiler of the engine in a temporary or permanent manner. 
In the former case several irun bands carrying the brackets are bolted to the boiler and secured by 
set screws. <A driving belt runs from the engine pulley to a pulley on the shaft of the lifting 
jC bereele where from another pulley another driving belt is carried to the driving pulley, which 
is keyed to the drum shaft of the saw frame. 

During the operation of lifting or lowering the stone, the saw frame with its suspension 
arrangement is tuken off, but the pulleys guiding the rope or chain, being fixed to the timber 
frame, remain. 

Phe dotted lines in Fig. 2286 show the different positions of the machine during its travel. The 
operation of lifting the stoue from the cart and plucing it undcr the saw frame is sven at Fig. 2292, 
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the stand being there represented for the purpose of cutting stones on road rollers, showing that 
there is no difficulty in moving the sawing apparatus placed on slides or on rollers, the machine 
being arranged so as to allow the one to be replaced through the other according to the kind of 
work to be executed. After the stune has been placed, the lifting apparatus is thrown out of gear 
by uncoupling the whole arrangement or by 
shifting the driving belt on a loose pulley, Fig. 
2287. The shaft of the lifting arrangement is 
provided, Fig. 2287, witha fly-whecl, but as the 
operation of lifting and lowering the stone 
tukes only a very short time, these operations 
could be effected without it and with a pain in 
economy. The saw frame, consisting of its 
bearers and saws, Figs. 2287 and 2208, is then 
put in position by attaching the ropis, which 
have again become free, to the suspension 
arrangement. ‘The machine is set to work 
until the cutting is finished, when the suspen- 
sion arrangement und the saw frame are azan 
taken away and the lifting apparatus thrown 
into gear to lift the stone on to the cart to be 
earried away. 

Fig. 2294 is a ground plan; Fig. 2205 a 
longitudinal clevation ; Fig. 2296 an end cleva- 
tion; Fig. 2297, 2299 detuila of driving disc ; 
Fig. 2298, top view, showing direction of 
screw and manner of working of a plant for 
suwing stone designed by T. Giaister, and used 
With success in the English colonies. A is a 
saw frame of the ordinary description ; Ba con- ; 
necting rod with two ende (C; Da pendulum for driving the saw frames suspended at E, working 
at the lower end ina guide F, by friction rollers, and driven by a connecting rod G, attached to the 
motor; H ia an axle for suspending the saw frames; IJ, pulleys from which the saw frames are 
suspended by the hangers J; there are two central pulleys L, which may be placed in any position 
on the axle, the one being for balancing the frames, the other for lifting them oP lowering 

c 
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them into their outs; M is the point to which the axle H is extended from tho main framing Z, it 
is connected by an endless chain to the upper pulley N; these two fou pies should be the same 
diameter as II; O is a cog wheel placed on the same axle as N, and of equal size, it works the 


2294, 


] 
| 
| 


iTiLLIEIIII) ok 


OE 


Ce 
— 


Tose \\ ere ee oe 
AN SSS 


~~. —— 
TTTI1) 
amma e 
z 


en 


: 


nm 


I 
sree # 
7 


= —— 
oo 


an espace cepenger = 
eonten Saar aap eaental 
~—S ee en ee 
a ee eS oe I eS 
Sesto ~-— en : 


a 
= 
Fe = — 





conuceting red euxpender P by the rack on the upper end Q, which being secured on the 
connecting rod B, and working in guides up the pendnlum, keeps the connecting rod on the same 
level as the frame, and travels up and down guides RB at the same speed; the pulleys IT and L 
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taking the rise and fall of the saw frames at each stroke, but conveying the motion no further than 
their own axle; one of the central pulleys L has a loose clutch, and may be keyed to allow the axle 
to work freely to the left of the frame, a considerable distance at each stroke, and communicates no 
mution to the pulley N or cog wheel O, except as the cut progresses; the hangers J work on 
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vertical guides 8S, with the friction rollers TT; these are adjusted, when worn, with set pins: 
the suspending rods U U can also be altered at V to regulate the sweep. On the side of a pulley, 


on the main axle H, a amall break is placed to regulate the lift of the frame at co re it is 
c 


1124 STONE-WORKING MAOHINERY. 


controlled by the weight attached ; W W are friction rollers secured by brackets at each end, they 
can be adjusted, when worn, by set pins Y Y. 

Figs. 2297 to 2299 represent the method of shortening or lengthening the stroke when the 
machine is in full motion, so as to give the saw frame the same swing when lifted to its utmost 
height, as at the lower part of the cut. The face of the disc, Fig. 2297, is strengthened ut its 
upper side, and revolves on an axle g; » is the slot in which a block is fitted with overlapping 
flanges, holding a driven pin 1, and sliding up and down in the slot; 4, a strong rod which passes 
through the block secured above and below, but allowing it to revolve. This rod is screwed at 
its upper end, passing through the rim of the disc, and terminates with a small wheel 7. By 
applying friction at m, Fig. 2298, this wheel will, at each revolution of the disc, revulve in the 
direction of the arrow o, pressing down the block, and shortening the stroke; applying friction to 
the side n, the wheel will take the opposite direction and lengthen the stroke. 

The sand feeder is a hollow tube extending across the cuts, with perforations for the discharge 
of sand and water; it is driven by a connecting rod 4, attached to the pendulum; this can be 
lifted or lowered to suit the materiul to be cut, by a rack above, and corresponding rack ¢ below ; 
inside the tube is an agitator, kept in constant motion by a segment wheel ad, and it is supplied 
with sand and water by a pipe at the line of e from the hopper above. The débris und water from 
the cuts fall into a cistern, they are then raised by clevators to u shaking table, where the silt is 
rabewavail from the grit, the latter passing to an ayitating cistern above, and thence to the 
eed pipe. 

Figs, 2300 to 2302 illustrate graphically the difference in the various modes of suspending stone 
saw frames, 

In self-feeders by machinery without balance weights, Fig. 2301, a is the fixed point of 
suspension, 55 the extreme length of stroke, and the line cc the material to be operated upon ; when 
the frame is raised by the backward or forward motion to the extreme point 4, it is lifted con- 
siderably above the material, and can only touch it at the point d, the remainder of the stroke 
being altegether lost; and pare! upon coming into contact with the bottom of the cut, 
having no elasticity, it crushes the sand at once instead of by gradually rolling iton the surface of 
the cut, the cutters afterwards running with little pressure on the stone without sand with the 
trolly motion, in which the frames run with sweeps, on rollers attached to hangers, but having 
suspended weights, and driven by a disc, wiper, or crank motion. 

Fig. 2300; the frame is shown level witn the driving axle, which is the best position for 
cutting; yet on the disc revolving in the direction of the arrow, at points ¢¢ and s/f, the thrust 
and draw is downwards, acting against the balance weight by giving ndsitional weight to the fruine, 
while near the two centres no pressure takes place; this pressure is greatly augmented when 
much above or below the level of the axle, in which case, acting alternately, the balance of the 
frame is destroyed, #0 as to reduce to a great extent the work. 

The pendulum motion, Fig. 2392, which hus leas defects than the other two, but is atill 
deficient. I is the frame, é the pendulum, 4 the connecting rod, and / the length of stroke. 
When set in motion the circle shown is described, and on the frame lifting to its balance weight, 
by a thrust or a draw of at least six tuna, in ordinary working, the connecting rod slides up and 
down the pendulum with considerable friction, materially augmenting the power required ; and at 
the same time, when lifting, the frame retards it by friction, partially overcoming the bulance 
weight, and, when the frame falls to the stroke, partially suspending it, ao the weight required to 
cut effectually can only be attained at one point of the stroke; und, at the saine time, the friction 
of the connecting rod with the pendulum causes it to slip by jerks, preventing a higher speed 
being attained than from forty to forty-five strokes a minute, while a much higher specd is desirable. 

In Fig. 2295 the connecting rod suspender is arranged on the front side of the pendulum, to 
convey a clearer idea of its operation, but it nay be placed on the other side, which will prevent 
the crossing of the band or endless chain. The axles of the pulley No and wheel O can be 
lengthened to the main framing Z, when the pulley M will work by the side of the pulley I. 

Fig. 2303 is a side elevation, and Fig. 2304 a plan of Cooke and Hunter's machine for facing 
or moulding the edge of a stone. a is the driving shaft, a’u two loose pulleys. The pulley o has 
fixed to it a bevel pinion, and the shaft a has upon it another pinion, both gearing tuto one bevel 
wheel +. The driving atrap, guided by a fork ¢ while running on «’ drives the shaft a and the 
bevel wheel 6 in one direction ; when it is on o it drives the wheel to which it is attached, and the 
shaft a in the opposite direction. 6’ is a shaft to which the wheel 4 is fixed. This shaft carries the 
rotating cutting barrel, or plates. The shaft «a, by means of gearing c’, drives a screw 4, or when 
c’ ig brought into gear with c” the screw is driven ata different speed by a band from the shaft a. 
eis the bed of the machine, on which is mounted a sliding table {, which is moved to and fro by 
the screw d like the table of a lathe. (/’ ia a transverse slide, on which is placed the stone to be 
operated on. 7 is a standard which is mounted in bearings, so that it can be turned round or 
ruised or lowered by means of a screw and handle 7’. This handle is slotted to reccive a scraping 
tool, which consists of a flat plate of steel sbuped to the profile of the moulding, and which is 
s-cured in the slot by set screws. The rotation of the standard ¥ is limited by suitable stops, so as 
to bring the scraping tool against the stone, or to turn it clear from it. A iso self-acting reversing 
bar connected to the fork c by levers 4’, and working like that of a planing machine. 

The stone to be operated on is secured upon the slide, the gearmg for working the scrow d 
Leing so set us to give the table fa slow forward travel. The cutters on tho shaft 4’ rotating while 
the stone advances, the cdge of the stone is cut to the form determined by the profile of the cutters. 
The slide is drawn back by means of a hand-screw 4, 60 a8 to bring the edge of the stone clear 
of the rotating cutters, The scraping tool is brought around into position by turning the standard 
y so that ite edge ix presented to the stone, and the yearing uf the screw dis altered to give the table 
a quick travel. The stone is thus carried quickly past the fixed scraper, and the operation may be 
r:peuted ecyeral times until the required finish is given. Instead uf fixing the scraping tool in e 
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slot it may be held in a slide reat fixed to the standard g, so as to be conveniently adjusted. 
Instead of fixing the stone upon the slide, it muy be fixed on a plate or bed mounted on a pivot on 
f' acting asa turntable. Tho stone thereon being turned round may be cut cylindrically, or by 
turning it through any part of a revolution its edges may be cut with a curve, or dressed to any 
desired angles. 

Fig. 2305 is an enlarged section of a modified form of the machine, and is employed when it is 
desired to mould a stone on both edges, or to saw it across from both edges st one operation. The 
bed of the machine supports at f a sliding table moved along it by the travelling screw. 6, 6 
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are vertical shafts, one at cach side of the machine, driven cither by repetition of the gearing, 
Figs. 2308, 2304; or one of them may be so driven and the other geared to it that they may 
revolve in opposite directions. Each of these shafts is titted with a rotating cutter barrel, or when 
the stone has to be sawn, with circular saws mi.om, Which nearly touch each other in the middle. 
The stone / being placed on the sliding table f, which advances it while the saws im m revolve, is 
separated by their action. The saws can be adjusted vertically on these shafts, so as to separate 
the atone at any desired Jevel. 

The tecth or cutters for the saws are cylindrical tapering bolts, Figs. 2311, 2312, with flat 
heads, which do the cutting. A powerful machine on this principle is an arrangement of a pair of 
nawse, each 5 ft, 4 in. in diameter, that work horizontally upon upright shafts, and in their work 
mect each other within about an inch. The sawn slab separates readily and uniformly at the 
middle of the piece left uncut. Ench of these saws has forty-four cutting tools round its periphery. 
These are carried by holders that are wedged into the outer edge of the saw plates, and have holes 
forged in them for the reception of the tools, agin Fig. 2312. This machine will cut about 1 ft. 
superficial a minute. A block of Portland stone, 5 ft. 9 in. by 4 ft. wide, can be cut into a slab of 
24 in. thick in rather less than twenty-five minutes. 

Figs. 2306, 2307 are views of an apparatus for moulding stone to a cireular sweep. dis a shaft 
carrying a rotating cutter; 5 is the stone fixed on a table or slide c, which is mounted and 
traverses on a bed curved to an are of a circle. The edge of the slide c is cogged nnd geared to 
a rack ¢, which is mado to traverse by means of a screw f, driven by suitable gear for reversing 
and altering speed. Tho screw being turned while the shaft revolves, the stone is cut to a sweep 
concentric with the curvature of the bed. Tho shaft may be adjusted vertically, and the stoue 
~ * be blocked more or less to vary the radius of the curvature. 
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Fig. 2308 represents a side view, and Figs. 2309, 2310 a section of Hunter's rotating cutters fitted 
with cutting tools secured in graduated sockets. ¢c¢ are the cutters, which are made of different 
depths, these lengths and depths being graduated by successive steps. When the cutters are 
ground, and thereby shortencd to the extent of one of these steps, each is transferred to the next 


2305. 





step in order, the relative projections of the cutters being thus maintained. By properly forming 
the sockets the cutters may be made of rectangular, triangular, or other convenient section. 

G. Hunter has devised another apparatus in which blocks of stone, placed upon a reciprocating 
table, are subjected to the action of revolving and scraper tools, 80 xs to cut their surfaces to flat or 
moulded forms, 


2.306. 2307. 





Fig. 2313 represents a plan; Fiy. 2314 a side view, and Fig. 2315 an end view of this stone- 
working machine, Figs. 2316 to 2319 being details. 

A 18 the main frame on which is fitted the sliding table B. On the under side of the table isa 
rack 6 having sloped tecth that engage with a worm, slightly taperel and tixed on a shaft c, 
which slopes downwards to the level reversing gear D at the end of the machine. By thus sloping 
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the shaft c, the reversing gear can be mounted at a level sufficiently low to permit the table B to 

over it, thereby shortening the bed of the machine. E ia a cross shaft on which are right and 
eft worm-wheerls ¢, ¢, that drive the upright shafts F, F, one on cach side of the table, these shafts 
carrying the revolving cuttera, Fig. 2515, arranged nearly to the outline of the moulding to be 
cut on the stone G. The upright shafte F, F may be mounted in slidiug bearings, so that they 
could be set wider apart if required. On each side of the table ia a column H that can be rained 
or lowered by a screw 4. A cross bar I may be extended above the table, jointed to the heads of 
these columns, the bar having a holder é fitted on it for scraping or planing tovls, adjustable by « 
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screw, as in « slide rest. K,K are tubes within which sliding stems & are fitted carrying also 
scraping or planing tools, the stems being caused to slide outwards or inwards by means of screws. 
The tubes K with their stems 4 and tools may be double, as in Fig. 2318, the one stem being fitted 
under and to one side of the other, as shown in oblique section Fig. 2319, or single stems & may 
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bho made with a head to receive two scts of scraping or planing tools as in Fig. 2316, a like con- 
struction applying to the stems in the holder i, which is here constructed as a tube with an internally 
sliding stem, in a similar manner to the tubes K. 





Fig. 2317 is plan and side view of a holder for the revolving cutters. It consists of a head L 
which ig fixed on tho revolving cutter shaft. Through alots in this head are passed the cutters /, ?, 
which ure secured by wedge keys m,m, drawn up by nuts. The faces of the keys m next the 
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cutters / are made with an edge which, when the keys are drawn tight up, cuts slightly into the 


metal of the cutter, preventing it from shifting. 
The stone-dressing machine devised by J. D. Brunton and F. Trier, of London, which is both 


novel and effective, utilizes the action of circular rotating outters, operating by rolling to chip off 


from the stone tho inequalities of its surface. : : 
Fig. 2320 represents iu section, the chuok, or cutter carrier of this machine; and exhibits the 
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way in which the cutters are given a determinate rotation on their own axes, at the same time that 
they are carried round in a circle by the revolution of the carrier; the outer edges thus describing 
a circular path, which may be called the track, 

The chuck ix a cast-iron circular box, bolted to the flange of the shaft F, on which it revolves. 
Into it are fitted the cutter spindles A; in number three, six. nine, or twelve, according to the size 
of the chuck. The cutters are fixed on their spindles by split nuts: a part of ench of these nuts is 
a cone, which enters into the conical hole in the centre of 
the cutter. When screwed up the nut contracts, and grips 
the thread of the spindle, so that nut, cutter, and spindle 
become ag one piece. On each spindle is keyed a bevel pinion ; 
and all the pinions contained in a chuck gear inte, and are 
driven by, the central bevel whecl 4: this is keyed on the 
central shaft 4, which passes through the centre of F, and 
receives its motion by means of a pulley. 

The rates of cutter-rotation and of chuck-rotation are so 
adjusted relatively one to the other, that the cutter edge 
shall exactly roll in the track. For instance, in the case of 
a chuck having a track of 2 ft. diameter and entters of 8 in. 
diameter, for every revolution of the chuck the cutters will 
wake three revolutions. 

Theoretically, aith an exact roll of the cutter edge on the 
stone, there will be no attrition; and this is probably not far 
from being realiz d in practce. But coincident with the 
mil of the cutter. there ia a forward movernent of the stone, 
distribute! over the edge of the entter as it rolls: and to this 
it is probably duc that there is any appreciable wear of the 
cutters at all. 

The ordinary speed of a chuck is 300 to 350 revolutions a minute; the cutters themaclves 
making 000 to 1050 revolutions in the same time 

The tread of a cutter, that is the length on its periphery that is in contact with the stone atany 
given moment, may be put at 2 in. Tho duration of contact of any given tread will therefore bo 
found, by dividing one minute ‘by the circumferences of a 2-ft. track, raultiplicd by 300 revolutions, 
and divided by 4; or by 60.290. Thus in round figures the duration of contact is a thousandth 
part of a second; during which the advance of the stone will be less than the .2,,, part of an ineb. 
The result of this small amonnt of attrition, and of its being distributed so rapidly and evenly over 
the whole circumference of the cutter is, that there is no perceptible heating, notwithstanding that 
the circumferential velocity of the cutters is about 2000 ft. » minute. Pulleys of differont diameters 
are provided for the central shaft, to vary the speed of the entters, as required by their diminished 
diame ter consequent pon wear. The inclination of the cutters to the lane of the stone is usually 
45°, but is varied to suit the character and progress of the work. 

The cutters are sometimes placed in stepa, or so as to cut in different planes; and several 
in portant advantayes accrue from this arrangement. 

It has been found that for all kinds of sandstones, grit stones, and free stones, as well ns for the 
inaghesian limestones and volites, chilled cast-iron cutters answer perfectly, They are chilled on 
the onter conical face, so that, as they wear, and are ground on the lower edge or base of the cone, the 
enttivg «edge is always formed againat the chilled eurface. Ina eix-cutter chuck, dressing from 
40) to 50 ag. ft. of Neweaatle grit an hour, the entters will last seven or eight hours without changing. 
A cutter is ground in a few minutes, by means of an ordinary grindstone and a simple mechanical 
appliance, and is then ready for use again. A cutter will usually last for 20 such grindings before 


it is worn out. 
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For hard limestones, steel cutters are necessary on account of the resistance presented by these 
ttones: but the wear is insignificant. A set of cutters will last several days without changing. 
For granite steel cutters are also required. In the lathe a cutter will run for about 10 hours 
without sharpening, dressing once over 250 aq. ft. of granite. In dressing plain surfaces the wear, 
in the case of granite, is greater than in turning: but still moderate, the tool cost being less than 
that attendant upon hand labour. In dressing the softer kinds of stone, such as Newcastle grit 
Bramley Fall, Dumfrics, Red Mans- 
field, and the like, the travel of the 2321. 
table is 4 of an inch for cach revolu- 
tion of a finishing cutter. With a 
chuck of six cutters working in three 
steps, there are two finishing cutters ; 
therefore the table travels 4 of an inch 
for each revolution of the chuck, or 
36 in. a minute, if the chuck makes 
$24 revolutions. 

Ifa stone 2 ft. 6 in. wide, and 4 ft. 
6 in. long were to be dressed, a breadth 
of about 9 in, each side would first be 
tnken, and then a middle cut of 12 in. 
would finish it. Each cut would take, 
including the time occupied in raising 
or lowering the chuck, about 3 minutes, 
or 10 minutes for the whole stone, 
which has a superficial area of 113 8q. 
ft.,thia is equal to about 65 sq. ft. an 
hour. 

Schram’s stone-cutter is a machine 
which is used to cut slabs, paving- 
stones, kerb, pilasters, and similar 
picocs out of the rungh block, a vreat 
saving of material being = thereby 
effected. 

The machine, Fig. 2321, consists of 
two standards erected on side walls, 
between which are laid rails for a tram- | 
road, The standards are joined  to- 
yxether at their upper extremity by two 
girders, one of which is furnished with 
teeth and forms a rack: a round bar 
renches from side to side about 2 ft. 
below the girders. The girders and bar 
act as guides for the engine, which is a 
menlifieation of Schram’s rock drill; it 
travels verticully between the standards 
along the guides, and is moved buck- 
wenrls and forwards, as may be required, 
hy a teothed wheel gearing into the 
rack, 

At the end of the piston rod of the engiue is fixed a movable cutting toul, the shape of which 
varies according to the work to be done. 

The engine is worked by compressed air or steam, the branch between the main pipe and the 
engine consisting of a length of flexible tubing to allow it to travel the necessary distance between 
tho standards. 

The block of stone to be cut is placed on a trolly and wheeled between the walls, until a point 
in the length of the desired ent is under the cutting edge. It is then tixed firmly in position with 
the line of groove to be made, parallel with the guides of the engine. 

The engine is started, and moved from end to end over the block of stone. As the cutting tool 
a wont the groove deeper and deeper, the engine is fed down towards the stone by means of a 
eed screw, 

In order to wash away the stone dust, and keep the slot clear, a constant stream of water, 
regulated by a small cock and nozzle fixed to the engine, plays on the cutting tovl. 

The work that has been done by this machine is ; 


In hard granite, slab 10°764 sq. ft., cut in 3 hours. 
In sandstone » 7:53 » 1 hour. 
In limestone » 9°882_,, a er 


Besides the rapid cutting shown by these figures, an important result of this machine is that 
two surfaces are obtained, each in the same condition as if roughly ground, consequently much 
time and labour is saved io the subsequent dressing. A 3 horse-power boiler is sufficicnt to supply 
stenm for the engine. 

TRAMWAYS. 

Iu railways the road is required to have a certain amount of spring or elasticity, to lessen tle 
creat wear and tear caused by heavy weights running at high speeds. The rails and the sleepers 

‘ing bare, it is easy to pack them up when noccasary. 
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; It is widely different in the case of tramways. The weights are comparatively light, the speed 
is very moderate, and it is impossible to pack up the rails without incurring very serious expense 
and inconvenience to the ordinary traffic of the road. It is therefore evident that tramways should 
be constrneted in such 8 manner as to avoid the necessity of constant supervision and repair. 

In order that this condition may be fulfilled, it is necessary that the stability of the foundation 
of the tramway should be exactly similar and equul to that of tho pavement of the street. Granite 
pavement is practically unyielding when laid on a good foundation. It therefore follows that the 
foundation of the tramrail should be continuous and equally unyielding, and at the same time of 
such tenacity as to allow extremely heavy loads to pass over it without hability to fracture. If any 
want of uniformity should cxist between the stubility of the rail and the adjacent pavement 
unequal vibration would be the result, which would tell most serivusly upon both the rail and the 
pavement. The rails should be supported upon imperishuble material, otherwise periodical 
removals would be necessary. 

No mechanical fastenings should be introduced, or if they are indispensable, they should be as 

few in number as possible, and of the simplest and most effective kind. The rail should be main- 
tained exactly level with the pavement of the street adjacent to it ; if this is the case, no damage 
or accident can occur te the ordinary traffic. ; 
; It is necessury that the pavement adjacent to the rails should be capable of easy repair, This 
is occasioned by the fact that this portion of the road is subjected to mmdue wear and tear, by the 
wheels of ordinary vehicles in their endeavours to keep the rails, and might to some extent be 
obviated by the alteration of the 
gauge from 4 ft. 8&3 in. to 4 ft., aud 
then it would be impossible to alter 
the gauge of the wheels of ordinary 
vehicles to fit the rails, which has 
actually been done in many places. 
The groove must be as small as pos- 
sible, and the rail narrow. 

Some of the methods that have 
been devised fer the construction of 
tramways will be reviewed, and for 
these, as well as the foregoing details, 
we are indebted to a paper written by 
J. H. Lynde. 

Tramways may be divided into 
classes, namely, those in which the 
rail is supported upon chairs placed 
at intervals, and those in which the 
rail is supported upon a continuous 
longitudinal bearing. 

When supported at intervals, the 
rail must be of such a section as will ensure sufficient strength to carry the passing load between 


the points of support. 
Fig. 2322 gives the section of rail usually rolled for this purpose. The weight is about 46 1b. 


a lineal yard. 
The chairs, one yard apart. are of cast iron. In the arrangement Fig. 2522 the tramrail is 

pinned down through the groove, into a hole in the upper part of the chair that has been plugged 

with ash. In Fig. 2323 the rail is om 

held in its place by side fastenings, — 

which are nailed crosswise into a hole 

in the chair, into which an ash plug 

has been previously fitted. 

In luying a tramway by this 
method, it is necessary to excavate 
along the centre line of each ruil, at 
intervals of one yard from centre to 
rentre,a serics of holes 16 in. or 18 in. 
square, and 18 in. deep from the 
surface of the rond. These holes are 
then filled with conercte to the level 
af the bottom of the chair, which is 
placed upon it. Concrete is filled in 
round the chair to receive the paving, 
and also under the intermediate: por- 
tion of the rail. Ti.e rail is placed 
in position and spiked down, and the 
paving made good up to it. It is 
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the seta have to be picked and cut to fit the -, 


resp, ee l@ Fail, 
ne paving abutting the rail is here upon a variable foundation, that nearest to the chairs being 


., .. concrete, while that between the chairs rests upon the old foundation of the street. This 
varinble foun Jation must be a disadvantage. 
w thin bed of concrete, 


It may appear that the rail is supported between the chairs by a narrm j 
but this is not the case; and if it were possible to ensure the complete and solid bedding of the 
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rail, which cannot be accomplished, the vibration would in a few wecks completely disintegrate the 
concrete and render it worthless. 

The foregoing may be taken as an cxample of the best form of tramway of its class, and it has 
been adopted with slight variations at Leeds, Sheffield, and Bristol. 

In compariug this system with the conditions laid down, it will be seen: the stability of the rail 
varies from that of the pavement of the strect, and that vibration must occur between the rail and 
the adjacent pavement. Cast iron is very durable, and will lust a long time, but the pins and the 
fastenings being of wrought iron, under the conditions in which they are placed, their durability is 
limited. The fixing of the rail being dependent upon pins and fastenings, they are liable to become 
loose, and it is practically impossible to maintain the pavement level with the rail by this method. 
At Leeds and other places many complaints have been made of the danger and inconvenience to the 
ordinary traffic arising from this cause. It is also very costly and inconvenient to repair the pave- 
ment adjacent to the rail, as it must be removed, and either the same or new setts be relaid, with 
all the trouble and expense of picking and cutting stones to fit the spaces. The system of laying 
tramways which has been most generally adopted belongs to the class in which the rail is supported 
upon a continuous Jongitudinal bearing. Lynde mentions a tramway on this principle in which 
each rail consisted of a flat bar, nbout 5} in. wide and } in. thick, screwed down to a longitudinal 
timber sleeper. In the centre between the two outer rails was a small bridge rail turned upside 
down, forming a groove, This was also fastened to a longitudinal timber. A small guide wheel 
was attached to the front of the ordinary omnibus, and this was capable of being raised or depressed 
at pleasure by the driver, so that the omnibus could pass on to or off the rails as occasion required. 
This was in use for some years, and has its merits. 

Fig. 2324 is a modification of this system. It consists of two rails, each formed of a J iron with 
two grooves rolled in the flat side, which is placed uppermost, and the tonguc of the T iron is let into 
an groove in the timber; it is then 
fastened down by means of screws. 2324, 

The object of the two grooves is to 
prevent the slipping of horses passing 
over the rails. In place of the old 
central grooved rail a straight joint 
is made in the setts from end to end 
of the tiumway, midway between the 
two rails. It is intended that the 
driver shall by sight keep the omni- 





in the paving. In snowy or dirty 

weather, and after dusk, this would be almost impossible, although it is stated that the horses soon 
beeome used to the track, and finding the traction so much reduced endeavour to keep the mils 
without much assistance from the driver. The great disadvantages of this system are the straight 
joiut in the paving, which is always the cause of depression ; and that, in the event of steam or other 


motive power being introduced, the tramways would not be suitable for the traffic. 
——— 


enhead, Fig. 2925, were on con- 
tinuous bearers, The lengitudinal 
sleepers rested upon transverse 
sleepers placed about 4 ft. apart, and 
were secured to them by means of 
sinuil cast-iron angle brackets and 
two spikes, The rail was not grooved, 
but rebated, and it was intended that 
ordinary vehicles should) pass over 
it without inconvenience. This was a 
found impracticable. , EE 

The improvements since made 
have consisted principally in’ intro- 
ducing a concrete foundation, and in 
altering the section of the rail. A 
narrow mil with a small groove is the 
best forth for the cara, and this section presents the least obstruction to the ordinary traffic, sup- 
posing the pavement to be kept level with the rail. : 

At Liverpool, Fig. 2326, longitudinal timber sleepers were laid on a bed of concrete. The upper 
corners of the longitudinal uleeper were rebated out to receive the rail, which was spiked down 
through holes in the groove. rought-iron tie-bars ¢ were bolted to the longitudinal bearers at 
intervals. ‘This system has proved insufficient for the ordinary traftic of the town. 

The Southport tramway, Fig. 2327, is another cxample of longitudinal sleepers, but they are 
laid upon cross sleepers 4 {t. apart, and held in position by means of wrought-iron dogs. “This 
romey is of recent construction, and the ordinary traffio of the road in which it is Iaid is very 
ight. 

. In London, Fig. 2328, longitudinal timber sleepers were laid in cast-iron chairs, about 4 ft. 
apart, upon a continuous bed of concrete. Small fis -plates were introduced at the junctions of the 
rails. ransvorse tie-rods, 2} in. by } in., beld the chairs in position, The rail was spiked down 
through the groove. It is found that the rails soon work loose by this aystem. Asphalte has been’ 
used for paving between the rails of the South London tramways, but with indifferent success, the 
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asphalte giving way at its junction with the rail. The cause of this is the unequal vibration that 
takes place between the rail and asphalte, which are upon different foundations. 
Other London tramways were laid in the same way as at Liverpool, with the addition of cast- 


iron chairs to join the longitudinal sleepers. 
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The Edinburgh tramways, Fig. 2329, were laid upon the longitudinal timber sleeper principle, 
but the method of fastening down the rail was by meana of 8-in, bolts passed through the groove of 
the rail and screwed inte nuts fastened to the under side of the timber. Wrought-iron transverse 
ties, 2 in. by 3 in., 4 ft. apart, were introduced. The timber was creosoted, and the bolt holes were 





filled with boiling tar before the belts were driven, The rails weighed 52 Ib. a lineal yard. Fish- 
plates, 15 in. by 3 in. by § in., punched for four bolts, were placed at the junction of the rails, and 
the ends of the longitudinal timber sleepers were supported in cast-iron chairs. A bed of concrcte, 
6 in. thick, was laid underneath the sleepers and paving. Experience bas provod that this system 


is not satisfactory. The gradients in 
Edinburgh are very severe, in aome in- 
stancea being as steep as 1 in 13. 

In Glasgow, Fig. 2330, a similar 
mode of construction was adopted. 
The roadway was excavated 13} in. 
deep for the full width of the tram- 
way. Transverse sleepers, 8 ft. long 
by 6 in. by 4 in., were laid 3 ft. 8 in. 
apart. Upon these were placed cast- 
iron chairs to receive the longitudinal 
timber sleepers, 6 in. deep by 4 in. 
wide. The rails, weighing 60 Ib. a 
linea] yard, were fastened to the timber 
by means of wrought-iron dogs about 
12 in. apart. A fish-plate was placed 
at the junction of the rails. The spaces 
between the transverse sleepers were 
filled with concrete. On this a bed of 
finer concrete was laid, or in some cases bituminous concrete, composed of broken slag fresb from 


the blast furnace and boiling bitumen; 31 ib. weight of bitumen being mixed with 1 cubic foot 
of broken slag. On this a bed of sand was placed to reccive the paving stones, which were run gplid 
with boiling pitch, This was considered the best example of the longitudinal sleeper system. 
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-On comparing these tramways, it will be found that the stability of the rail varies from that of 
the paving of the street, and therefore unequal vibration takes place at the junction ; that timber is 
not a durable material, especially in damp situations, and in some countries cannot possibly be used 
on account of the ravages of insects. 

The rail is in all cases held down by pins, bolts, dogs, or other fastenings, which are liable to 
become loose; and it is found impossible to maintain the paving level with the rails by these 
methods, It is very costly and inconvenient to repair the pavement adjacent to the rail. 

An attempt has been made to supersede timber sleepers by the use of cast iron, Fig. 2331. For 
this purpose a bed of concrete is recommended, the whole width of the tramway, and upon this a 
series of cast-iron bearers, each 30 in. in length, are laid. They are of JI section, and are made as 
light as possible, weighing only from 35 1b. to 40 lb. a lineal yard. They overlap at the joints, and 
are fastened together by means of wrought-iron pins and cotters. The ends of the bearers are 
provided with lugs, cast on, and having inclined surfaces to receive the taper fillets rolled on each 
side of the ruil. It is so arranged that at each joint in the cast-iron bearcr, the key which fastens 
them together also secures the rail. The weight of the rail is 26 lb.a lineal yard. Ties are not 
absolutely necessary, but if used may be placed 6 ft. apart. It is stated that eleven miles of tram- 
mer on this system have been laid in Madras with good results, It is not probable that such a 
ee casting as that proposed would bear the strain of the heavy loads that are constantly passing 
in larger cities. 


The rail is held in position by means of cast-iron lugs, and these would very probably be broken 
by the cross traffic. 

It is not possible to pave directly up to the side of the rail, on aceount of the projecting foot. 
There must therefore be a space on each side of the rail about 4 in. wide. At the points where the 
clips occur, the setts cannot be laid nearer than about 14 in to the rail. These are disadvantages, 
as the paving is a great support to the rail when immediately abutting it. ‘The cast-iron bearer 
which is left hollow after the paving of the strect is completed, would become a cesspool for water 
und street refuse, and injuriously affect the foundation of the pavement. Practically it would be 
difficult, if not impossible, to bed the cast-iron bearer evenly upon the concrete. The rail could 
not be removed without first taking up the surrounding pavement. It would be costly and incon- 
venient to repair the pavement adjacent to the rails. 


ASG. 





Another system of continuous bearing has been recently devised, and has proved that it 
possesses great advantages. In Inying down this tramway, Fig. 2332. the foundation of the street 
or road is not interfered with in any way, only those granite sctts being removed which would be 
intersected by the groeved iron rail and an extra width of about 3 in. on either side of it. These 
setts are carefully taken up, without disturbing the surrounding pavement, thus leaving a shallow 
trench with indented sides. This space is then filled in with concrete to within 2} in. of the 
surface of the road. In twenty-four hours this is sufficiently set to receive the liquid arphalte in 
which the rail is imbedded, the surface of the asphalite being grooved to imitate the joints of the 
paving, to render the foothold secure. 

It is found that asphalte will adhere with great tenacity to iron and other substances, and this 
property, in conjunction with the dovetailed section of the rail, renders the tramway immovable. 
The use of timber is altogether dispensed with, and as the rail is eae | imbedded in asphalte upon 
® concrete foundation, it is preserved from injury. Respecting the durability of Val de Travers 
nephalte, it has been proved to exceed that of the hardest granite ; at the same time, being im some 
degree elastic, it deadens vibration and permite the free expansion and contraction of the rail 
under various temperatures, In addition to these advantages. in cases where it becomes necessary 
to remove a rail, the operation can be effected with case, and the old asphalte taken up can be 
melted and used over aguin. Should it be required to ruise the surface of the asphulte, no difficulty 
would be experienced in the operation, and the extra thickness added would become part of the 


A | no special provision is necessary for laying the tramway round curves, but the same 
method is pursued as in straight lines, and the rail is equally secure ; Whereas, in cases where 
longitudinal timber sleepers are used, it is necessary to cut them into short lengths or bend them, 
either of which is detrimental to the stability of the rail. 


® 
By this system tho rails may be laid in any direction, cither diagonally or in curves, across any 
existing pavement, without having to cut the paving stones obliquely to fit against the sides of the 
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other system. The laying is rapid, since little obstruction to traffic is 


rails, as is the case in ev 
all portion of the strect is interfered with. The weight of the rail used 


occasioned, as such a sm 


is 26 Ib. a lineal yard. 
The rails of a tramway should always be constructed of steel, the slight extra first cost being 


more than compensated for by the greater durability. It is customary to notch or corrugate the 
narrow edge of the upper surface of the rail, to give foothold to the horses; but this very soon 
wears off, and is therofore useless. 

The points and crossings of tramways are very important parts of the work, and are of various 
descriptions. 

The oldest style of switch is the movable one, which is set by the conductor, the car being 
stopped for the purpose. Another form still used is the fixed point, where the horses are mado to 
pull the car in the direction it is intended to go. Both grooves for the flange of the whoel are the 
same depth. This is a most objectionable arrangement, as the car is seriously strained by the 
operation. 

The most approved method of constructing points at a turn-out or passing-place is that of a 
fixture, but only one of the grooves ia taken to the full depth at the junction of the two. Thus, 
when a car meets the point, the flange of the wheel invariably takes the deep groove, which is so 


arranged that the car always passes off to the left. 
When it is necessary that a car should be able to take either route, the movable point should be 


adopted as being safer and causing less wear and tear to the cars. 

The crossing, that is, the place where the rail of the turn-out crosses that of the main line, is 
the source of very considerable expense and inconvenience in renewal. The grooves are both taken 
to the fu)l depth, and where they cross great wear and tear has to be borne. A hollow is the result 
at this point, which not only occasions concussion that sometimes snaps the axles of the car, 
but also causes it to leave the rails. The simplest remedy for this defect would be to let the 
groove die out to the surfuce before arriving at the point of crossing. The wheel would travel in 
the right direction, as the car would be guided by the other rail. In time the fanze of the wheel 
would wear a groove, and after this the crossing would wear as lung as one constructed on the 
ordinary principle. 

Points and crossings are usually made of cast iron, but wrought iron has been used for both. 
Some crossings are formed of the ordinary rails, scarfed together. 

An important item in the cconomy of tramways is that of keeping the track clean. The force 
necessary to move acar on clean rails is very much less than that required when the grooves are 
filled with dirt. 

The operation has been attempted to be effected by machinery attached to the car, and also to 
separate trullies, but hitherto without marked success, as the apparatus has proved itself a source 
of damage to the rails, and practically useless. The principle of these machines has becn that of a 
rigidly fixed scraper, which was strong enough to demolish all obstructions that came in its path, 
and therefore it cut off all loose projecting pins or bolts in the bottom of the groove, and in timo 
the rails became quite lonse. An apparatus has just been introduced which seems likely toanswer the 
purpose. It consists of a revolving steel wire brush, similar to a rotary hairbrush, which cleans tho 
grooves without injuring the fastenings, and deposits the dirt in a line some distance from the ruil. 

WELL SINKING AND BORING. 

The operation of sinking a well is identical with that necessary in putting down a shaft for 
mere but as both the diameter and distance are usually small, the work is of a much lighter 
character, 

Previous to sinking it will be necessary to have in readiness a atock of buckets, shovels, picks, 
rope, a pull-y-block or a windliss«, and barrows or other means of conveying the materinsl extracted 
away from the mouth of the sinking. After all the preliminary arrangements have been made, the 
sinking is commenced by marking offa circle upon the ground 12 or 18 in. greater in circumference 
than the intended internal diameter of the well. The centre of the well as commenced from inust 
be the centre of every part of the sinking : its position must be carefally preserved and everything 
that is done must be true tu this centre, the plumbline being frequently used to test the vertical 
pesition of the vides. 

To sink a well by underpinning, an excavation ia first made to such a depth as the strata will 
allow without falling in. At the bottom of the excavation is laid a curb, that is, a flat ring, whose 
internal diameter is equa) to the intended clear diameter of the well, and its breadth cqual to the 
thickness of the brickwork. It is made of oak or elm planks 3 or 4 inches thick, cither in ono layer 
fished at the joints with iron, or in two layers breaking joint, and spiked or serewed together. On 
thie, to line the first division of the well, a cylinder of brickwork, technically called steining, is 
built in mortar or cement. In the centre of the floor ia dug a small pit, at the bottom of which is 
laid a small platform of boards; then, by cutting notches in the side of the pit, raking props are 
inserted, their lower ends abutting against a foot-Llock, and their upper ends against the loweat 
setting, so arn to pive temporary support to the curb with its load of brickwork, The pit fs enlarged 
to the diameter of the shaft above: on the bottom of the cxeavation is laid a new curb, on which 
iy bnilt a new division of the brickwork, giving permancnt support to the upper carb; the raking 
props and their foot-blocks are remaved ; a new pit is dug, and so on as before. Care should be 
taken that the earth is finoly packed behind the steining. A common modification of this method 
consists in cxcavating to such # depth as the strata will admit without falling in. A wooden carb 
is laid at the Lottom of the excavation, the brick steining laid upon it and carried to the surface. 
The carth is then exeavated flush with the interior sides of the well, so that the earth underneath 
the curb supports the brickwork above. When the excavation has been carried on as far as con- 
tenient, receasen are made in the earth under the previous steining, and in those recesses the 
steining is carried up to the previous work, When thus supported the intermediate portions of 
curth between the sections of brickwork curried up are cut away and the steining completed. 
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In sinking with a drum curb, the curb, which may be either of wood or iron, consists of a flat 
ring for supporting the steining, and of a vertical hollow cylinder or drum of the same outside 
diameter as the steining, supporting the ring within it and bevelled to a sharp edge below. The 
rings, or ribs, of a wooden curb are formed of two thicknesses of elm plank, 14 in. thick by 9 in. 
wide, giving a total thickness of 3 in. 

Fig. 2338 is a plan of a wooden drum curb, and Fig. 2334 a section showing the mode of con- 
struction. The outside cylinder or drum is termed the lagging, and is commonly made from 13-in. 
yellow pine planks. The drum may be strengthened if necessarv by additional rings, and its con- 
nections with the rings made more secure by brackets, In large curbs the rings are placed about 
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8 ft. Gin. apart. Fig. 2335 is a plan, and Fig. 2336 an enlarged segment of an iron curb, When 
the well has been sunk go far ag the earth will stand vertical, the drum curb is lowered into it and 
the building of the brick cylinder commenced, care being taken to complete each course of bricks 
before laying ancther, in order that the curb may be loaded equally all round. The earth is dug 
away from tho interior of the drum, and this together with the gradual increasing load cauaes the 
sharp lower odge of the drum to sink into the earth ; and thus the digging of the well at the bottom, 
the sinking of the drum curb and the brick lining which it carries, and the building of the steining 
at the top, go on together, Care must be taken in this as in every other method, to regulat 

the digging so that the well shall sink vertically, Should the friction of the earth against th 

outside of the well at length become so great as to stop its descent, before the requisite depth is 
attained, a smaller woll may be sunk in the interior of the first well. A well so stopped is said tu 
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be earth-fast. This plan cannot be applied to deep wells, but is very sucessful in sandy soils 


where the well is of moderate depth. 

The curbs are often supported by iron rods, fitted with scrows and nuts, from cross timbera over 
the mouth of the well, and as the excavation is carried on below, brickwork is piled on above, and 
the weight of the steining will carry it down as the excavation proceeds, until the friction of the 
sides overpowers the gravitating force or weight of the stcining, when it becomes earthbound ; then 
a set-off ust be made in the well, and the same operation repeated as often as the steining becomes 
eurthbound, or the work must be completed by.the first method of underpinning. When the rock 
to be sunk through is unstratified, or if stratified, when of great thickness, recourse must be had to 
the action of explosive agents. Their use bas been already treated at length ut pp.142, 605, of this 


Supplement. 

The system of blasting employed in well sinking is that known as the smal)-shot system, which 
consists in boring holes from 1 to 3 in. diameter in the rock to be disrupted to receive the charge. 
The position of these holes is a matter of the highest importance from the point of view of pro- 
ducing the greatest effects with the available means, and to determine them properly requires a 
complete knowledge of the nature of the forees devcloped by an explosive agent. This knowledge 
is rarely possessed by sinkers. Indeed, such is the ignorance of thia subject displayed by quarry- 
men generally. that when the proportioning and placing the charges are left to their judgment, 
a Jurge expenditure of labour and material will produce very inadequate results. In all cases it is 
far more economical to entrust these duties to one who thoroughly understands the subject. 

When all is rcady, the sinkers, with the exception of one man whose duty it is to fire the 
charge, nre either drawn out of the shaft, or are removed to sume place of safety. This man then, 
haviny ascertained by calling and receiving a reply that all are under shelter, applies a light in 
the fuse, shouts * Hend away,” or some equivalent expression, and is rapidly drawn up the shaft. 
Tu avoid shattering the walls of a shaft, no shot should be placed nearer the side than 12 in. The 
portion of stone next the wall sides of the shaft left after blasting is removed by steel-tipped iron 
wedges 7 or Sin. in length. These wedges are applied by making a small hule with the point of 
the pick and driving them in witha mall. The sides may be then dressed as required with the pick. 

After some 30 or 40 feet have been sunk the air at the bottom of the well may be very foul, 
especially in a well where blasting operations are being carried on, or where there is any zrent 
escape of noxious gases through fissures, Mcana muet then be provided for applying at the 
surface a small exhaust fan tu which is attached lengths of tubing extending down the well. 
Another good plan is to pass a 4 or 6 inch pipe down the well, bring it up with a long bend at 
surface, and insert a steam jet; a brick chimney is frequently built overthe upper end of ¢he pipe 
to increase the draught, and the lower end continued down with flexible tubing. With either fan 
or steum jet, foul air being continuously withdrawn, fresh air will rash down in ite place. This is 
far better than dashing lime-water duwn the well, using a long wooden pipe with a revolving cap- 
head, or pouring down a vertical pipe water which escaped at right angles, the old expedients for 


freshening the air in a well. 
A means of inercasing the yield of wells, which is frequently very succeseful, is to drive emall 
tunuels or headings from the bottum of the well into the surrounding water-bearing stratum. 


As an example, let Fig. 23387 represent a sectional plan of a portion of the water-bearing stratum 
at tle bottem of the shaft. This stratum is underlaid by an impervious stratum, and, consequently 
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the water will flow continuously through the former in the direction of the dip, as shown by the 
arrow and the dotted lines. That portion of the stratum to the rine of the shaft 8, which is included 
within vertical lines tangent to the circle at the points mand na, will be drained by the shaft. The 
breadth of this portion will, however, be extended beyond these lines by the relief to the leteral 
pressure afforded by the shaft, which relief will cause the fillete of water to diverge from their 
original course towards the shaft, as shown iu the figure. Hence the breadth of drainage ground 
will be a 4, aod it is evident that the shaft 8 can receive only that water which desounds towards 
it through this apace, But if tunnels be driven from the shaft along the strike of the stratum, as 
at mend, these tunnels will obviously intercept the water which flows paet the shaft. Hy this 

“""w the drainage ground is extended fretn u4 to a’ b', and the yield of the well proportionately 


reamed. 
It should be remarked that when the strata is horizontal ur depressed in the form of a basin 
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that is, when it partakes more of the character of a reservoir than a stream, the only use of tunnels 
is to facilitate the ingress of water into the shaft, and in such case they should radiate from the 
shaft in all directions. They are also of service in case of accident to the pumps, as the time they 
take to fill up allows of examination and repnirs being made in that time to the pumps, which 
could not be inspected if the engines stopped pumping and the water rose rapidly up the shaft. 

The size of the headings is usually limited by the least dimensions of the space in which 
miners can work efficiently, that is, shout 44 ft. high and 3 ft. wide. The horse-shoe form is 
generally adopted for the sides and top, the floor being level, for the drawing off of the water by 
the pumps ie quite sufficient to cause a flow, unless of course the dip of the stratum in which the 
tunnels are driven is such as to warrant un inclination. Where there is any water it is not possible 
to drive them with a fall, for the men would be drowned out. 

The foregoing remarks do not apply to headings driven in the chalk, where it is the usual 
ractice to select the largest feeder issuing from a fissure and folluw that fissure up, unless the 
ieading is merely to serve as a reservoir, when the direction is immaterial 

The sides of wells usually require lining or steining, as it is tcrmed, with some material that 
will prevent the loose strata of the sides of the excavation falling into the well and choking it. 

Brick stcining is executed either in bricks laid dry or in cement, in ordinary clay Y-in. work 
being used for large wells, and half-brick, or 44 in. work, for small wells. 

Figs, 2339 and 2338 show the method of laying for 9-in. work, and Fig. 2340 for 44 in. The 
bricks are laid flat, breaking joint; and, to keep out moderate land-springs, clay-puddle or concrete 
is often introduced at the back of steining. For most purposes conerete is the best, as, in addition 
to its impervious character, it adds grently to the strength of the steining. A ring or two of brick- 
work in cement is often introduced at intervals, varying from 5 ft. to 12 ft. apart, to strengthen the 
shaft and facilitate the construction of the well. 

Too much care cannot be bestowed upon the steining: if properly executed it will effectually 





exclude all objectionable infiltration. but, badly made, it may prove a source of trouble and annoy- 
ance. Half tie wells condemned on aceount of sewage contamination really fail because of bad 
steining. 

Khe materials that have been successfully used in this work are brick, stone. timber, and iron. 
Each description of material is suitable under certain conditions, while in others it is objectionable. 
Brickwork, which is universally used in steining wells in Englond, not unfrequently fails in certain 
positions, through admitting impure water when such 
water is under great pressure, or from the work be- 
coming disjointed from settlement due to the drainage 
of a running sand-bed, or the eallapse of the well. 
Stone of fair quality, capable of withstanding compres- 
sive straina, 18 pood in its way; but, inasmuch as it 
requires a great deal of labour to fit it for its place, 
it cannot successfully compete with briekwork in the 
formation of wells, more especially ag it has no merits 
superior to these of brick when used in such work ; 
however, if in any locality, by reason of its cheapness, 
it can be used, care should be taken to select ouly such 
as upon test absorb the least quantity of moisture ; 
indecd, in all cases it is a point of great importauce in 
dying the nature of the materials used in the con- 
struction of wells, to select those which are likely to be most durable, and at the same time preserve 
the purity of the water contained in the well. 

Timber is objectionable as a matcrial to be used in the lining of wella, on account of ils 
liability to decay, when it not only endangers the construction of the well, but also to some extent 
foula the water. It is very Jargely used under some circumstances, especially in the preliminary 
operations in sinking. It is also successfully used in lining the permanent shafts of the salt wells 
of Cheshire, and will continue entire in sf a position for a great number of years, as the brine 
seems to have a tendency to preserve the timber and prevent its decay. Tron is of modern applica- 
tion, and is a material extensively employed in steining wells: aud, as it possesses many advan- 
tuges over materials ordinarily used, its uso is likely to be much extendcd. It is capable of bearing 
pe compressive strains, and of effectually excluding the influx of all such waters as it may be 

esirable to keep out, and is not liable to decay under ordinary circumstances. Numerous 

instances are on record where recourse has been had to the use of iron cylinders, when it 

was found that four or five rings of brickwork, ret in the best cement failed to keep ee brackish 
D 


2340. 
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waters; and, if the original design had provided for the introduction of these cylinders, it would 
have reduced the cost of the well very materially. 

The well sinker has often, in executing his work, to contend with the presence of large volumes 
of water, which, under ordinary circumstances, must be got rid of by pumping; but by the intro- 
duction of iron cylinders, which can be sunk under water, the consequent expense of pumping 
is saved. 

When sinking these cylinders through water-bearing strata varions tools are used to remove 
the soil from beneath them. The principal is the mizer, which consists of an iron cylinder with 
an opening on the side and a cutting lip, and which is attached to a set of boring rods and turned 
from above. 

The valve in the old form of mizer is subject to various accidents which interfere with the 
action of the tool; for instance, picces of hard soil or rock often lodge between the valve and its 
seat, allowing the contents to run out whilst it ia being raised through water. To remedy thia 
defect, Thomas Docwra, designed the improved mizer, shown of the usual dimensions in 
Figs. 2341 to 2346; Fig. 2341 being a plan at top, Fig. 2342 an elevation, Fig. 2343 a plan at 
bottom, Fig. 2345 a section, Fig. 2344 a plan of the stop a, and Fig. 2346 a plan of the valve. It 
consists of an iron cylinder, conical-shaped at bottom, furnished with holes for the sag of water, 
and uttached to a central shank by means of stays. The shank extends some 7 in. beyond the 
bottom, and ends in au point. while the upper part of the shank has an open slot, to form a box- 
joint, Fig. 2342, with the rods. The conical bottom of the mizer has a triangular-shaped opening ; 
on the outside of this is fitted a strong iron cutter, and on the inside a properly shaped valve, Been 
in section and plan in Figs. 2345 and 2386. When the mizer is attached to and turned by means 
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of the boring rods, the débris, sand, or other soil to be removed, being turned up by the lip of the 
cutter, enters the cylinder, the valve whilst the mizer is alee resting agninat a step. After the 
mizer is charged, which can be ascertained by placing a mark upon the last rod at surface and 
noting ita progress dowuwards, the rods are reversed and turned once or twice in a backward 
direction; this forces the valve over the opening, and retains the snil safely in the tool. 

Fig. 2350 is a pot mizer, occasionally used in such soils as clay mixed with pebblos. There is 
no valve, as the soil is forced upward by the worm on the outside, and falle over the edge into the 


cone. 
Mizera are fastened to the rods by means uf the box-joint, Figs. 2347 to 2349, as a acrew-joint 


would come apart on reversing. 

As many as five or six different-sized mizers, ranging from 1 ft. 6 in. to 9 ft. in diameter, can be 
used successively, the stnallest commencing the excavation, and the larger ones enlarging it until 
it is of the requisite size. 

As an accessory, a picker, shown by the three views, Figs. 2851 to 2353, Fig. 2352 indicating 
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its correct position when in operation, is employed where the strata is too irregular or compact to be 
effectually cleared away by the cutter of the mizer. The picker is fixed upon the same ruds above 
the mizer, and is used simultaneously, being raised and lowered with that tool. 

The cutting end of the picker is frequently replaced by a scratcher, Figs. 2354, 2355. This 
useful tool rakes or scratches up the débria thrown by the mizer beyond its own working range, 
and causes it to accumulate in the centre of the sinking, where it is again subjected to the action 
of the mizer. ‘ 

Certain common mcthods of boring have been already referred to in this Dictionary. The 
Chinese method has been generally disused, iron or wood ruds substituted in the place of the rope, 
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and a variety of angers and chisels instead of the simple chisel, with appliances for clearing the 
bore hole of débris. | Figs. 2356 to 2373 show examples of an ordinary set of well-boring tools. 
Fig. 2358 is a flat chisel . Fig. 2359 a V-chisel ; and Fig. 2360 a T-chisel. These chisels are made 
from wrought-iron, and when sma] are usually T8in. long, 24 in. extreme breadth, and weigh some 
44.1b., the cutting edge being faced with the best steel. They are used for hard rocks. and whilst 
in operation need earefully watching that they may be removed and fresh tools substituted when 
their sides are sufficiently worn to diminish their breadth. If this 
circumstance is not attended to the size of the hole decreases, so that 
when a new chisel of the proper size is introduced it will not pass 
down to the bottem of the hole, and much unnecessary deluy is occa- 
sioned in enlarging it. In working with the chisel, the borer keeps 
the tiller, or bundles, in both hands, one hand being placed upon each 
handle, and moves slowly round the bere, in order to prevent the 
chisel from falling twice successively in the same place, and thus 
preserve the hole circular. Every time a fresh chisel is lowered 
to the hottem it should be worked round in the hole, to test whether 
it is its proper size and shape; if this is not the case the chisel must 
be baines at once and worke! gradually and carefully antil the hole 
ia as it should be. The description of strata being cut by the chisel 
can be asecrtained with considernble accuracy by a skilful workman 
from the character of the shocks tranamitted to the rods. 

When working in sindstone there is no adherence of the rock to the chisel when drawn to the 
surface, but with clays the contrary is the cage. Should the stratum be very hard. the chisel may 
be worn and blunt before cutting three-quarters of an ineh, it must therefore be raised to the sur- 
fare and frequently examined ; however, 7 or 8 isches may be bored without examination, should 
the nature of the atratum allow of such progress being made. 

Ground-augers, Figs. 2356, 2357, 2362, are similar in action to those used for bering wood, but 
differ in shape and oonstraction. The common eurth-auger, Fig. 2356, ia 3 ft. in length, having 
the lower two-thirda cylindrical. The bottom is partially closed by the lips, and there is an openirg 
a little up one side for the admission of soft or bruised material. Augers are only used for 
penetrating aoft rock, clay, and sand, and their shape is varied to suit the naturo of the strata 
traversed, being open and cylindrical for clays having a certain degree of cohesion ; conical, and 
sometimes closed, in quicksands. Augers are sometimes made as long as 10 ft., and are then very 
effective if the strata is soft cnough to permit of their use. 

The shell is made from 3 ft. to 8} ft. in length, of nearly the same shape as the common auger, 
sometimes closed to the bottom, Fig. 2362, or with an auger nose, Fig. 2357; in either case there is 
a clack or valve placed inside for the purpose of retaining borings of a soft nature or preventing 
them from being washed out in a wet hole. ® 

Figs. 2363, 2365 aro wad-hooks for withdrawing stones, and Fig. 2364 a worm-auger. 
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The crow’s-foot, Fig. 2861, is used when the boring rods have broken in the bore-bhole, for the 
purpose of extracting that portion remaining in the hole; it is the same length, and at the foot the 
same breadth, as the chisels. When the rods have broken, the part above the fracture is drawn out 
of the bore-hole, and the crow’s-foot screwed on in place of the broken piece. When this is lowered 
down upon the broken rod, by careful twisting the toe is caused to grip the broken piece with 
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2362. 
sufficient force to allow the portion below the fracture to be drawn out of 
the bere-hule. A ruugh expedient is to fasten a metal ring to a rope and 
lower it over the broken rod, when the red canta the ring, and thus gives 
it a considerable grip; this is often very suceessful, | Fis. 2864 is a worn 
used for the same purpose. A bell-box, Fig. 2466, ia frequently employed 
for drawing broken rods; it has two palls fixed at the top of the box, 
which rive and permit the end of the rod to pass when the box is lowered, 
but upon rising the palls foll and grip the rod firmly. A a 
spiral angular worm, similar to Fig. 2363, is also applied for pi 
withdrawing tubes. 

Of theae withdrawing tools the crow is the safest and best, 
as it may be used without that intelligent supervi-ion and 
care absolutely necessary with the worms and wadhooks, or the 
bell-box. 

The boring rods, Figs 2367, 2368, are in 2, 6, 10, 15, or 20 feet lengths, of wrouglit- 
iron, preferably Swedish. and are made of different degrees of strength, according to 
the depth of the Lole for which they are required ; they are generally | in. square in 
xeetion: atone end is a male and at the other end a female screw, for the purpose of 
onnecting them together. Tie screw should not have fewer than six threads, and 
have a bevelled shoulder. One of the sides of the female screw freqnently splits and 
allows the male screw to be drawn out, thus leaving the rods in the hole. By constant 
wear, also, the screw may have its thread so worn as to becume linble to slip. Common 
rods, being most hable to accident, should be carefully examined every time they are 
drawn out of the bore-hole, as an unobserved failure nay occasion nuch inconvenience, 
and ¢ven the lows of the bore-hole. 

In addition t the ordinary roda there are short pieces, varying from 6 in. to 2 ft. in 
length, which are fixed at the top as required, for adjusting the rods at a convenient height. 

Fiy. 2369 ia a hand-dog; Figs. 2470 and 2371 a lifting dog; Fig. 2372 the tillers or handles 
by which the workmen impart a rotary motion to the tocls, The tillera are clamped to the top- 
most boring rod, at a convenient height for working. Fig. 2367 a top-rod with shackle; Fig. 2373 
a spring hook. When ip use this sbould be frequently «examined and kept in repair. 

Lining tabes are employed to prevent the bere-hole falling in through the lateral swellin 
of clay, strata, or when possing through running sand. The tubes are usually of iron, of good 
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quality, soft, easily bent, and capable of sustaining an indent without fracture. Inferior tubes 
occasion grave and costly accidents, which are frequently irreparable, as a single bad tube may 
endanger the success of an entire boring. 

Wrought-iron tubes with screwed flush joints, Fig. 2374, are to be recommended, but they are 
supplied iaeedi or riveted, Fig. 2375, and can be fitted with steel driving collars aud shoes. 
Cast-iron tubes are constantly applied; they should have turned ends, with wrought-iron collars 
and countersunk screws. 

Cold-drawn wrought-iron tubes have been used, and are very effective as well as easily applied, 
but their relatively high cost occasions their application to be limited. 
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Fig. 2376 shows a stud-block, which is used for suspending tubing, either for putting it down or 
for drawing it up. It consists of a block made to fit inside the end of the tube, and attached to the 
rods in the usua] way. In the side of the block is tixed an iren stud for slipping into a slot, 
similar to a bayonet joint, cut in the end of the tube, so that it may be thus suspended. Figs. 2377 
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to 2379 show various forms of spring darts, and Fig. 2380 a pipe-dog, for the same purpose. 
Sometimes a conical plug, with a serew cut around the outside for tightening itself in the upper 
end of the tube, is uscd for raising and lowering tubing. Figs. 2381, 2382 are of tube clamps, and 
Fig. 2383 tonge for screwing up the tubes. 
F ris 2384 isa pipe-dolly, used for driving the lining tubes; the figure shows it in position ready 
or driving. 

Wien h projection in the bore-hole obstructs the downward course of the lining tubes, the hole 
can be enlarged below the pipes by means of a rimer, Fig. 2385. It consists of an iron shank, to 
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which is bolted two thin etripa bowed ont into the form of a drawing pon. The rimer is screwed on 
to the boring roda, and forced down through the pipes ; when below the last length of pipe, the rinfr 
expands, and can then be turned round, which has tho effect of scraping the sides and enlarging 
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that portion of the hole subject to its operation. Fig. 2386 ie of an improved form of rimer, 
termed a riming spring. It will be seen that this instrument is much stronger than the ordinary 
rimer, in consequence of the shank being extended through its entire length, thus rendering the 
scraping action of the bows very effective, whilst the slot at the fout of the bows permits of its 
introduction into aud withdrawal from, the tubing. 
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In England, for small works, the entire boring apparatus ia frequently arranged as in Fig. 2387, 
the tuo] bemy fixed at the end of the wrought-iron roda instead of ut the end of a rope, as in the 
Chinese method. Referring to Fig. 2487, A is the boring tool; Bthe rad to which the tool is 
attached; DD the levers by which the men EF give a circular or rotating motion te the tool; 
F, chain for attaching the boring apparatus to the pole G, which is fixed ut H, und by its means the 
man at I transmits a vertical motion to the boring tool. 

The sheer-levs, made of sound Norway spars not less than 8 in. diameter at the bottom, are 
placed over the bore-hule for the purpose of supporting the tackle KK for drawing the rode out of 
or lowering them into the hole, when it ie advisuble to clean out the hole or renew the chisel. It 
is obvious that the more freyuently it is necessary to break the joints in drawing and lowering the 
rods, the more time will be vecupied in changing the chinels, or in each cleaning of the hole; and us 
the depth of the hole increases, the more tedious will be the operation. It therefore becomes of much 
importance that the rods should be drawn and lowered as quickly as possible, and to attain thin end 
as long lenyths as practicable shouid be drawn at cuch lift. The leugth of the lift or off-tuke, as it is 
termed, depending altogether upon tue height of the lifting tackle above the top of tue bore-hole, 
the length of the sheer-legs fora hole of any considerable depth should not be lesa than 30 to 40 [t., 
and they usually stand over a amall pit or surface-well, which may be sunk, where the clay or 
giavel is dry, to a depth of 20 or 30 ft) From the bottom of this pit, the bore-lole may be com- 
menced, and here will be stationed the nan who las charge of the bore-hole while working the roda. 

The arrangement, Fig. 2380, ie intended for either deep or difficult boring. A rgular ecaffold- 
ing is erected, upon which a platform is built. The boring chisel A is, as in the last instance, 
coupled by means of screw couplings to the boring reds B. At each stioke, two men stationed at 
EE tum the rod slightly by means of the tiller DD. A rope F, which is attached to the boring 
tool, 18 passed a few times round the dram of a windlass G, the end of the rope being held by a man 
ut I. When the handles are turned by the men at 1.1L, the man at I pulls at the rope, and the 
friction between the rope and the drum of the windlass is then sufficient to raise the rods and 
boring tool; but as soon as the tool has been raised to ite intended height, the wan at I slackens 
his bold upen tie rope; nud as there is insutticient friction on the drum to sustain the weight of the 
boring tools, they fall, By a repetition of this operation the well is bured, and after it has been 
cBatinued a sufficient length of time, the tiller is unscrewed, aud a lifting dog, attached to the rope 
from the windlass, is passed over the top of the rods, and then a short top-rod with a shackle is 
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screwed on. The two men at the windlass draw up the rods as far as the height of the scaffolding 
or shecr-legs will allow, when a tmnan at E, Fig. 2388, by passing a hand-dog or a key upon the top 
of the rod under the lowest joint drawn above the top of the hole, takes the weight of the rods at 
this joint, the men at L having lowered the rods for this purpose; with another key the rods are 
unscrewed at this joint, the ue is lowered again, the lifting dog put over the rod, another top-rod 
screwed on, the rods lifted, and the process continued until the chisel is drawn froin the hole and 
replaced by another, ur, if necessary, replaced by some other tvol. 
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When a deep boring is andertaken, direct from the surface, the operation bad best be conducted 
with the ad of a boring sheer frame, ‘This consists of a framework of timber balks, upon which 
are erected four standirds 27 ft. in height and Y in. x 1 ft. thick, 3 ft. 8 in. apart at bottom, 
und Eft. Zinwattop. The standards are tied by means of cro-s pieces, upon which shoulders are 
eut which fit into mortise holes, and are fastened by means of wooden keys, the standards being 
surmounted by two head pieces 5 ft. long. mortised and fitted. Upon the head picces two 
independent cast-iron guide pulleys are arranged in bearings; over these pulleys are led the ends 
of two ropes coiling in opposite directions upon the barrel of a windlass moved by spur gearing, 
and having a ratchet stop attached to a pair of diagonal timbers, connected with the left-hand leys 
or standards of the aleers, near the ground. These ropes ure used for raising or lowering the 
lengths of the boring rod, 

Bight feet below the bearings of the top pulleys, a pair of horizontal traverses is fixed across the 
frame, supporting sider pulleys mounted on a cast-iron frame, which is capable of motion between 
horizontal weoden slides. Over these pulleys is led a rope from u plain windlass fixed to the right- 
hand legs of the frame, to be used for nuoing or lowering the shell to extract the debris or rubbish 
from the bole. 

The lever, 15 ft. Jong, and 9 in, x 6 in. in seetion, is supported by an independent timber frame. 
Tt has a cost-oiron cap, fastened by means of two iron straps, cast with lugs through which bolts are 
possed, ti ose being tightened with nuts in the ordinary manner. ‘The bearing-pins at a are 14 in. 
ID diameter, and also form: part of the lower strap. Upon the cap is an tron hook ; to this a chain 
Is attached carrying the spring houvk which bears the top shackle of the rods. ‘The top of the bore- 
hole in surrounded by a wooden tube 1 ft. in diameter, and closed by a hinged valve, whose 
uction is similar to that of a clack-valve; this has a hole in the centre for the rods te pass up and 
down freely. The valve permits of the introduction and withdrawal of the tools, and at the same 
time prevents anything from above falling into the bore-hole. 

The lever is applied by pressure upon its outer end, and as the rclation of the long to the short 
arm is us 4 to 1,0 depression of 2 ft in the one case produces an elevation of 6 in, in tue other, the 
minimum range of action. the maximum bemy 26 in. 

With the sheer-frame, the boring tools are worked in the same manner as in the preceeding 
arrangements, Figs. 2887, 2588; but its portability, compactneas, and adaptation of means to the 
required end render its use desirable wherever it is possible to obtain it. 

When in the progress of the work it is found that the auger dovs nut go down to the depth from 
which it was withdrawn after trial, tubing will generally be necessary, The hole should be cnlarged 
from the surface, or, if not very decp, commenced afresh from the surface with a lerger auger, and 
ran down to nearly the same depth; the first length of tabe is then driven into the hole, und 
when this is effucted nnother tube, having similar dimensions to the first, is screwed intu its r-®- 
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end, and the driving repeated, and so on until a sufficient number of pipes have been used to reach 
to the bottom of the hole. If the ordinary auger is now introduced through these tubes, it will have 
free access to the clay or sand, and after a few feet deeper have been bored another pipe may 
be screwed on, and the whole driven further down. In this way from 10 to 20 ft. of soft stratum 
may be bored through. If the thickness of the surface clay or sand is considerable, the method here 
mentioned will not be effective, as the friction of the pipes caused by the pressure of the strata will 
be so great that perhaps not more than 80 or 100 feet can be driven without the pipes being injured. 
It will then be necessary to put down the first part of the bore-hole with a large auger, and drive 
in pipes of large diameter; the hole is continued of smaller diameter, and lined with smaller tubes 
pmjecting beyond the large tubes, as in Fig. 2389, until the necessity for their use ceases. It will 
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be evident that to ensure success the tubing, whatever it is made of, should be as truly cylindrical 
as possible, straig)t. and flush surface, both outside and in. It will also be evident that in thus 
joining pieces of tubing together, the thickness onght to bave a due proportion to the work required 
and the force hkely to be used in serewing or driving them down. 

Wrought-iron tubes, when driven, must be worked carefully, by means of a ring made of wrought 
iron, from 1% to 2 in. in height and 3 in. thick, and of the form shown in Fig. 2300; or driven 
with a pip~dolly such as that in Fig. 2584. The ring, or the dolly, is screwed into the 
lowermost boring rod, and worked at the same rate and in a similar mnanner to the chisel, due 
regard being had to the depth at which the driving is being done, as the weight of the boring rods 
will materially affect the strength of the blow delivered. Cast-iron tabing may be driven hard 
with a monkey. To withdraw broken or defertive tubing quickly, two books attached to ropes 
arg lowered down from HA be rides of the bore-hole, caught on the rim of the lowermost tube, 
art power applied to haul! the tubing up bodily. 
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Figs. 2391 to 2395 show good methods of forming tube or pipe joints, both in cast and 
wrought iron, when not screwed. 

In some cases it is necessary to widen out holes below the sharp edge of tubing, so as to 
permit its descent, This is effected by a rimer, Fig. 2385, and is an operation requiring great 
care and attention. ; 

Tu reduce the stoppages for the withdrawal of débris, the system of Fauvelle was introduced, but 
it is now very little practised on the Continent, and not at all in Great Britain. The principles 
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upon which it was founded were ; first, that the motion given to the tool in rotation was simply 
derived from the resistance that a rope would oppose to an effort of torsion ; and therefore that the 
limits of application of the system were only such as would provide that the tool should be safely 
acted upon; and, secondly, that the injection of a current of water, descending through a central 
tube, should wash out the debris created by the cutting tool at the bottom. The difficulties attend- 
ing the removal of the débris were great; and though the system of Fauvelle answered tolerably 
well when applied to shallow borings, it was found to be attended with such disadvantages when 
eppliod on # large ecale, that it has been Hiner abandoned. The quantity of water required 
to keep the boring tool clear ie a t ohjection to the introduction of this system, especially as in 
Ha pa pat of cuscs artesiun wells arc sunk in such places as are deprived of the advantage of a@ 
arge supply. 
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inary aystem of well boring, innumerable breakages and delays occur when a boring 
is eau be carried to any depth paceeding 200 or 300 ft., owing to the buokling of the roda, 
the crystallization of the iron by the constant jarring at each blow, and particularly the increased 
weight of the rods as the hole gets deeper. It follows from this that where the excavation is very 
deep, there is considerable difficulty in transmitting the blow of the tool, in consequence of the 
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vibration produced in the long rod, or in consequence of the torsion ; and, for the same reason, 
there is a danger of the blows not being equally delivered at the bottom. It has been attempted to 
obviate this difficulty, but without much sucorsa, by the use of hollow rods, presenting greater 
sectional area than was absolutely necessary fur the particular case, in order to increase their 
lateral resistance to the blows tending to produce vibration. 

Mather and Platt’s system has been already referred to at p. 526 of this Dictionary, and is 
shown in detail, Figs. 2390 to 2419. 

Figs. 2396 to 2402 are the mude of giving the percussive action to the boring tool, and the con- 
struction of the tool or boring-head, and of the shell-pump for clearing out the hole after the action 
of the boring-head. Instead of these implements being attached to rods, they are suapemled by 
a flat hemp rope, about } in. thick and 43 tn. braad. 

The flat rope A A, Fig. 2399, from which the boring-head B is suspended, is wound upon a large 
drum C driven by a steam-engine D with a reversing motion, so that one man can regulate the 
operation with the greatest ease. All the working purts are fitted into a wood or iron framing EE, 
rendering the whole a compact an: complete machine. On Icaving the drum C the rope passes under 
a guide pulley F, and then over a large pulley G carried in a fork at the top of the pistou-nxl of u 
vertical single-acting steam evlinder. 

This cylinder, by which the percussive action of the boring-head is produced, is shown to a 
lurger scale in the vertical sections, Figs. 2399, 2400; and in the larger size of machine here shown, 
the cylinder is fi.ted with a piston of 15 in. diameter, having a heavy cut-iron red 7 in. square, 
which is made with « fork at the top carrying the flanged pulley G of about 3 ft. diameter, and of 
sufficient breadth for the flat rope A to pass over it. The boring-head having been lowered hy the 
winding drum to the bottom of the bore-bole, the rope is fixed secure at that length by the clamp J ; 
steam is then admitted underneath the piston in the cylinder H by the steam valve K, and the 
boring-tool is lifted by the ascent of the piston rod and pulley G ; and on arriving ut the top of the 
stroke the exhaust valve: L is opened fur the steam to cseape, allowing the piston-red anil carrying 
pulley to fall freely with the boring-tool, which falls with its full weight to the bottom of the bore- 
hole. The exhaust-port is 6 in. above the bottom of the cylinder, while the steam port is situated 
at the bottom; and there ts thus always an elastic cushion of steam retained in the cylinder of that 
thickness fur the piston to fall upon, preventing the piston from striking the bottom of the eslinder. 
The sterm and exhaust valves are worked with a self-acting motion by the tappets M M, which are 
actuated by the movement of the piston-rod; and a rapid succession of blows is thus given by the 
boring tool un the bottem of the bore-hole. As it is necrasary that wetion should be given ta the 
piston before the valves can be acted upon, a small jet of steam N ia allowed to be constantly blow- 
ing into the bottom of the cylinder; this causes the piston to move slowly at first, 90 as to tuke up 
the slack of the rupe and allow it to receive the weight of the boring-head gradually and without a 
jerk. An arm attached to the piston-red then coines in contact with a tappet which opens the steam 
valve K, an: the piston rises quickly to the top of the stroke; another tappet worked by the sume 
arm then shuts off the steam, and the exhaust valve L is opened by a corresponding arrangement 
on the opposite side of the piston-rod, as in Fig. 2400. By shifting these tappets the length 
of stroke of the piston can be varied from I to & ft in the large machina, nccording to the 1 aes 
to be bored througi; and the height of fall of the borg head at the bottom of the bore-hole is 
double the length of struke of the piston. The fall of the boring-head and piston can also be regu- 

qiated by a weighted valve on the exhaust pipe, checking the escape vf the steam, so as to cause the 
descent to take pluce slowly or quickly, as muy be desired, 
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The pone pes B, Fig. 2396, is shown to a larger scale in Figs. 2401 to 2403, and consists of a 
wrought-iron bar about 4 in. diameter and 8 ft. long, to the bottom of which a cast-iron cylindrical 
block O is secured. This block has numerous square Toles through it, into which the chisels or cutters 
D D are inserted with screwed taper shanks, as in Fig. 2402, so as to be very firm when working, but 
to be readily taken out for repairing and sharpening. Two different arrangements of the cutters 

‘ wre shown in the elevation, Fig. 2401, and the 

aane: plan, Fig. 2403. <A little above the block C another 

) cylindrical casting E is fixed upon the bar B, which 
nm 2 ee acts simply as a guide to keep the bar perpen- 
ee ore ETT dicular. Higher still is fixed a second guide F, 
aa ' © but on the circumference of this are secured cast- 

! iron plates made with ribs of a saw-tooth or ratchet 

a shape, catching only in one dir. ction ; these ribs 

are placcd atan inclination like segmcnts of a screw- 

thread of very long pitch, so that as the guide 

bears against the rough sides of the bore-hole when 

the bar is raised or lowered they assist in turning 














£E it, for causing the cutters to strike in a fresh 
place at cach stroke. Each alternate plate has the 

es projecting riba inclined in the opposite direction, so 
Dig eae that one half of the ribs are acting to turn the 
ae bar round in rising, and the other half to turn it in 


the same direction in falling. These projecting 
spiral ribs pnp assist in turning the bar, and 
immediately above the upper guide F is the 
arrangement by which the definite rotation 
is secured. To effect this object two cast iron 
collars, G and H, are cottercd fast to the top of the 
bar B, and placed about 12 in. apart; the upper 
face of the lower collar G is formed with deep 
ratchet-tecth of about 2 in. pitch, and the under face 





of the top collur HU is formed with similar ratchet-teeth, set exactly in line with these on the 
lower callar, Between these collars and sliding freely on the neck of the boring bar B is a 
deep bush J, which ia also formed with corresponding ratchet-teeth on both its upper and lower 
fuces; but the tecth on the upper face are set halfin tooth in advance of those on the lower face, 
wo that the perpendicular side of cach tooth on the upper face of the bush ia directly above the 
centre of the inclined side of a tooth on the lower face. To this bush is attached the wrought- 
iron bow K, by which the whole boring bar ia suapended with a hook and shackle O, Fig. 2399, from 
the end of the flat rope A. The retary motion of the bar is obtained as follows: when the boring 
tool falls and strikes the blow, the lifting-bush J, which during the lifting has been engaged with 
the rutchet-tecth of the top collar H, falls upon those of the bottom cullar G, and thereby receives 
a twist backwards through the space of half a tooth: and on commencing to lift again, the bush 
Tindug ap against the mtchet-tecth of the top collar H, receives a further twist backwards 
through Lalt a teoth, The flat rope is thus twisted backwards to the extent of one tooth of the 
ratchet; and during the lifting of the tool it untwists itself again, thereby rotating the boring tuo 
furwards through that extent of twist between cach sucecssive blow of the tool. The amount vu 
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the rotation may be varied by making the ratchet-teeth of coarser or finer pitch. The motion is 
entirely self-acting, and the rotary movement of the boring tool is ensured with mechanical 
accuracy. This simple and most effective action taking place at evcry blow of the tool produces 
a constant change in the position of the cutters, thus increasing their effect in breaking the rock. 
The shell-pump, for raising the material broken up by the boring-head, is shown in Figs. 2404, 
2405, and consists of a cylindrical shell or barrel P of cast iron, about 8 fect long and a little smaller 
in diameter than the size of the bore-hole. At the bottom is a clack A opening upwards, somewhat 
similar to that in ordinary pumps; but its seating, instead of being fastened to the cylinder P, is in 
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an annular frame C, which is held up against the bottom of the cylinder by a rol D passing up to 
u wrought-iron bridge E at the top, where it is secured by a cotter F. Inside the cylinder works a 
bucket B, similar to that of a common lift-pump, having an indisrubber disc valve on the top side; 
and the rod D of the bottom clack passes freely through the bucket. The rod GQ of the bucket 
itself is formed like a long link in a chain, and by this link the pump is suspended from the shackle 
O, Fig. 2399 at the end of the flat repe, the bridge E, Fig. 2404, preventing the bucket from being 
drawn out of the cylinder. The bottom clack A is unde with an indiarubber disc, which opens 
eufficiently to allow the water and smaller particles of stone to enter tho cylinder ; and in order to 
enable the pieces of broken rock to be brought up as large as possible, the cntire clack jw free to 
rise bodily ubout 6 inches from the annular frainc C, ag shown in Fig. 2404, thereby affording 
pone space for large picees of rock to enter the cyJinder, when drawn in by the up stroke of the 
ucket. 

The general working of the boring machine is as follows : Tho winding drum C, Fig. 2396, is 

10 feet diameter in the large machine, and is capable of holding 3000 fect length of rope 4) inches 
broad and 3 inch thick. When the boring-b B is hooked on the shackle at the end of the rope 
A, its weight pulls round the dram and winding engine, and by means of a break it is lowered 
steadily to the bottom of the bore-hole; the rope is then secured at that Jength by screwing up 
*-ight the clamp J. The small steam jet N, Figs. 2399, 2400, is next turned on, for starting the 
working of the percussion cylinder H ; and the boring-head is then kept continuously at work until 
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it has broken up a sufficient quantity of material at the bottom of the bore-hole. The clamp J 


which grips the rope is made with a slide and ecrew I, Fig. 2399, whereby more rope can be 
gradually given out as the boring-head penetrates deeper in the hole. In order to increase the 


lift of the boring-head, or to compensate for the elastic stretching of the rope, which is found to 
amount to 1 inch in each 100 feet length, it is simply nigag? A to raise the top pair of tappets on 
the tappet rods whilst the percussive motion is in operation. hen the boring-head has been kept 
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ut work long cnough, the steam is slut off from the percussion cylinder, the rope unclamped, the 
winding engine put in motion, and the boring head wound up to the surface, where it is then slung 
from an overhead suspension bar Q, Fig. 2396, by means of a ook mounted on a roller for running 
the boring head away to one side, clear of the borce-hole. . 

The shell-pump is next lowered down the bore-hole by the rope, and the debris pumped into it 
by lowering and raising the bucket about three times at the bottom of the hole, which is readily 
effected by means of the reversing motion of the winding engine. The pump is then brought up to 
the surface, and emptied by the following very simple arraugement: It is slung by a traversin 
houok from the overhead suspension bar Q, Fig. 2896, and ia brought perpendicularly over a smal 
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table R in the waste tank T; and the table is raised by the screw 8 until it receives the weight of 
the pump. The cotter F, Fig. 2404, which holds up the clack seating OC at the bottom of the 
pump, is then knocked out; and the table being lowered by the screw, the whole clack seating O 
descends with it, as shown in Fig. 2405, and the contents of the pump are washed out by the rush 
of water contained in the pump cylinder. The table is then raised again by the screw, replacing 
the clack seating in its proper position, in which it is secured by driving the cotter F into the slot 
at the top; and the pump is again ready to be lowered down the bore-hole as before. It is some- 
times necessary for the pump to be emptied and lowered three or four times in order to remove all 
the material that has been broken up by the boring-head at one operation. 
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The rapidity with which these operations may be carried on is found in the experience of the 
working of the machine to be as follows; The boring-head is lowered at the rate of 500 feet a 
minute. The percussive motion gives twenty-four blowaa minute; thie rate of working continued 
for ubout ten minutes in red sandstone and similar atrata is sufficient for enabling the cutters to 
penetrate about 6 inches depth, when the buring-hcad is wound up again at the rate of 300 feet a 
minute, The shell-pump is lowered and raised at the same specds, but only remains down 
about two minutes; and the emptying of the pup when drawn up occupies about two or three 


qminutes. 
Iu the construction of this machine it will be seen that the great desideratum of ol) earth boring 
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has been well kept in view; namely to bore holes of large diameter to great depths with rapidit 

and safety. The object is to keep either the boring-head or the afell-came eanistaiitly at work ot 
the bottom of the bore-hole, where the actual work has to be done ; to lose as little time as possible 
in raising, lowering, and changing the tools; to expedite all the operations at the surface; and to 
econuinise manual labour in every particular. With this machine, one man standing on a platform 
at the side of the percussion cylinder performs all the operations of raising and lowering by the 
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winding ongine, changing the boring-head and shell-pump. regulating the percussive action, and 
clamping or unclamping the rope: all the handles for the various stcam valves are cloge to his 
hand, and the break for lowering is worked by his foot. Two labourers attend to chauging the 
cutters and clearing the pump. Duplicate bering-heada and pumps are slung to the overber 
suspension bar Q, Fig. 2396, ready for use, thus avoiding all delay when any change is requisite. 
Ae is well known by those who have charge of such operations, in well boring cea 
accidents and stop ocour from causes which cannot be prevented, with however m 
and skill the operations may be conducted. Hard and goft strata intermingled, highly i 
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rocks, running sands, and fissures and dislocations are fruitful sources of annoyance and delay, and 
sometimes of complete failure ; and it will therefore be interosting to notice a few of the ordinary 
difficulties arising out of these circumstances. In all the bore-holes yet executed by this system, 
the various special instruments used under any circumstances of accident or complicated strata are 
fully shown in Figs. 2406 to 2412. 

The boring-head while at work may suddenly be jammed fust, either by breaking into a fissure, 
or in consequence of broken rock falling upon it from loose strata above. All the strain possible is 
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then put upon the rope, either by the percussion cylinder or by the winding engine; and if the 
rope is an old one or rotten it breaks, leaving perhaps a long length in the hole. Theclaw grapnel, 
Fig. 2406, is then attached to the rope remaining on the winding drum, and is lowered until it rests 
upon the slack broken rope in the bore-hule. The grapne! is made with three claws A A centred 
in a cylindrical block B, which slides vertically within the casing C, the tail ends of the clawa 
fitting into inclined slots D in the casing. During the lowering of the grapnel, tho claws are kept 
open in consequence of the trigger FE being held up in the position shown iu Fig. 240, by the long 
link F, which suspends the grapnel from the top rope. But as soon as the grapnel reats upon the 
broken rope below, the suspending link F continuing to deacend allows the trigger E to fall out of 
it; and then in hauling up again, the grapnel ia lift-d only by the bow G of the internal block B, and 
the entire weight of the external casing C bears npon the inclined tail-enda of the clawa A, causing 
them to close in tight upon the broken rope and lay hold of it securely. The claws are made either 
hooked at the extremity or serrated. The grapnel is then hauled up sufficiently to pull the broken 
rope tight, and wrought-iron rods 1} iuch square with hooks attached at the bottom are let down to 
catch the bow of the boring-head, which is readily accomplished. Two powerful scrow-jacks are 
applied to the rods at the surface, by means of the step-ladder shown in Fig. 2409, in which the 
cross-pin H is inserted at any pair of the holes, 0 as to suit the height of the screw-jacks, 

If the boring-head does not yield quickly to these efforte, the attempt to recover it is 
abandoned, and it ie got out of the way by being broken up into pieces. For this purpose the 
bréken rope in the bore-hole hae first to be removed, and it is therefore caught bold of with a 
sharp hook and pulled tight in the hole, while the cutting grapnel, shown in Fig. 2407, is slipped 
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over it and lowered by the rods to tiie bottom. This tool is made with a pair of sharp cutting 
jaws or knives II opening upwards, which in lowering puss down freely over the rope; but when 
the rods are pulled up with considerable force, the jaws nipping the rope between them cut it 
through, and it is thus removed altogether from the bore hole. The solid wrought-iron breaking- 
up bar, Fig. 2410, which weighs about a ton, is then lowered, and by means of the percussion 
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cylinder it is made to pourd away at the boring-head, until the latter is either driven out of the 
way into ono side of the bore-hole, or broken up into such fragments as that, partly by the shell- 
pump and partly by the grapuclsa, the whole obstacle is removed. The boring is then proceeded 
with again, the same as before the accident. : 

_. The same mishap may occur with the shell-pump getting jammed fast in the bore-hole, as 
illustrated in Fig. 2416; and the same means of removing the obstacle are then adopted. 
Experience haa shown the danger of putting any greater strain upon the rope than the percussion 
cylinder can exert; and it is therefore uaual to lower the grapnel rods at once, if the boring-head 
or pump gets fast, thus avoiding the risk of breaking the rope. 

The breaking of a cutter in the boring-head is not an uncommon occurrence. If, however, the 
bucket grapnel, or the small screw grapuel, Fig. 2408, be employed for its recovery, the hole , 
readily cleared without any important delay. The scrow grapnel, Fiz. 2408, ia applied by mean 
of the iron grappling rods, so that by turning the rods the screw works itself round the cutter or 


other similur article in the bore-hole, and aecurely holds it while the rods are ere again to 
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the surface. The bucket grapnel, Fig. 2412, is also employed for raising clay, as well as for the 
purpose of bringing up cores out of the bore-hole, where these are not raised by the boring-head 
itself in the manner already described. The action of this grapnel is nearly similar to that of the 
claw grapnel, Fig. 2406; the three jaws, AA, hinged to the bottom of the cylindrical casin 
C, and attached by connecting rods to the internal block 4, sliding within the casing OC. 
are kept ses during the lowering of the tool, the trigger E being held up in the position, 
Fig. 2412, by the long suspending link F. On reaching the bottom, the trigger is liberated by the 
further deacent of the link F, which, in hauling up again, lifts only the bow G of the internal block 
B; +o that the jaws A are made to close inwards upon the core, which is thus grasped firmly 
between them and brought up within the grapnel. Where there is cluy or similar material at the 
bottom of the bore-hole, the weight of the heavy block B in the grapnel causes the sharp edges of 
the pointed jaws to penetrate to some depth into the material, a quantity of which is thus enclosed 
within them and brought up. 

Another grapnel is also used where a bore-hole passes through a bed of very stiff clay, as in 
Figs. 2414, 2415, and consists of a long cast-iron cylinder H fitted with a sheet-iron mouthpiece 
K at the bottom, in which are hinged three conical stecl jawa JJ opening upwards. The weight 
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of the tool forees it down into the clay with the jaws open; and then on raising it the jawa, 
Laving a tendency to fall, cut iuto the clay and enclose a quantity of it inside the mouthpiece, 
which on being bronght up to the surface is detached from the cylinder H_ and cleaned out. A 
second mouthpiece is put on and sent dewn for working in the bore-hole while the first is being 
emptied, the altachment of the mouthpiece to the cylinder being made by a common bayunet-joint 
L, #0 as to admit of readily connecting and disconnerting it. 

; A running sand in soft clay is, however, the most serious difficulty met with in well boring. 
Under such cireunmtances the bore-hole has to be tubed from top to bottom, which greatly 
incrrases the expense of the undertaking, not only by the coat of the tubes, but also by the time 
and labour expended in inserting them. When a permanent water supply is the main object of the 
boring, the additional expense of tubing the bore-hole ia not of snitch consequence, as the tubed 
hole is more durable, and the surface water is thereby excluded ; but in exploring for mineral it is 
& serious matter, as the fiual result of the bor-hole is then by no means certain. The mode of 
inverting tubes has become a question of great importance in connection with this system of boring, 
and much time and thought having been spent in perfecting the method now adopted, its value has 

Geen proved by the repeated success with which it bus been carried out. 
Fhe tubes used by Mather and Vlatt are of cast iron, varying in thickness from § to1 in. 
according to their diamcter, and are all 9 ft. in length. The successive lengths are ~~~ eas 
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together by means of wrought-iron covering hoops 9 in. long, made of the same outside diameter as 
the tube, so as to be flush with it. These hoops ure from } to 2 in. thick, and the ends of each 
tube nre reduced in diameter by turning down for 44 in. from the end, to fit inside the hoops, 
Fig. 2417. A hoop is shrunk fast on one end of cach tube, leaving 4} in. of socket projecting to 
receive the end of the next tube to be connected. Four or six rows of screws with countersunk 
heads, placed at equa! distunces round the hoop, are screwed through into the tubes to couple the 
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two lengths securely together. Thus a 
flush joint is obtained both inside and 
outside the tubes. The lowest tube is 
provided at the bottom with ai steel 
shoe, having a sharp edge for pene- 
trating the ground more readily. 

In small borings, from 6 to 12 in. 
diameter, the tubes are inserted into 
tue bore-bole by means of screw-jacks, 
by the simple and inexpensive method 
shown in Figs 2418, 2419. The boring 
machine foundation A A, which is of 
timber, is weighted at B B by stones, , 
pig iron, or any available material ; and oie . itr S “ 
two serew-jucks CC, each of about 10 ps of Se BLA ie MSE 
tons power, are secured with the screws ae aa: Ra 
downwards, underneath the beams DD aa 
crossing the shallow well FE. which is 24.9. 
always excavated at the top of the 
bore-hole. <A tube F having es lowered into the mouth of the bore-hole by the winding engine, 
n pair of deep clamps G are screwed tightly round it. and the serew-jacks acting upon these 
clamps furee the tube do-vn into the ground. The boring is then resumed, and as it proceeds 
the jacks are occasionally worked, so as to force the tube if possible even ahead of the boring tool. 
The clamps are then slackened and shifted up the tubes, to suit the length of the screws of the 
jacks; two men work the jacks, and couple the lk ngths of tubes as they are successively added. 
The actual boring is carried on simultaneously withiu the tubes, and ig not in the least impeded by 
their insertion, which simply involves the labour of an additional man or two. 


_ A more perfect and powerful tube-forcing apparatus is adopted where tubes of from 18 to 24 in. 
diameter have to be inserted to a great depth. 
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Abell's threshing-machine, 96. 
Abutments, iron, 215. 
——- Maynard's, 216. 
—— wing walls and counterfurts, 215. 
Achard e): ctric brake, 180. 
Adam’s wheel, 961. 
AdelskGld’s bridge, 263. 
Ader telephone, 584. 
Adit face, 1073. 

Agricuitural drain pipes, 466. 
——~— implements, 16. 
books, 52. 

Ainsiie’s moulding-machine, 192. 
Air-brake, Westinghouse, 177. 

Air chambers, 450. 

——~ for combustion heat, 735. 
——~ compressor, Colladon's, 57. 
— ——, Fowler's, 64. 

——~ ——, Hathorn’s, 62. 

—— compressors, 52 

—~ ——, Schram's, 65, 

—— engine, Rider’s hot-, 599. 

—— furnaces, brass-founders’, 663. 
—~ pneumatic transmission, 975. 
—— watery vapour in, 724. 
Aland’s fan, 613. 

Alarm, Bain's fire-, 542. 

Alarms, electric fire-, 535. 
-—— Leblanc’s fire-, 583. 

Albert Bridge, 218, 222. 

Alexander 8 coal-cutter, 400. 
Alexandra Bridge, 201. 

Allen boiler, 157. 

Allen and Brown’s relay, 555. 
Alliance ma: bine, 473. 

Alluvion water in, 759. 
Alteneck-Siemens lamp, f64. 
Atumina, 189. 
Aluminous fron ores, 794. 
-—— ore, red, 794. 

Amalgamation, 918. 

American mile unit, 550 
——— relay, $54. 

—— Tolling-stock, 1033. 
—— timber bridges, 226, 

Ambsler’s polar planinwter, 267. 
Analynis of bar irun, 611. 

———— cement, 347. 
~—— coke, 416. 

——~ Durham coke, 795. 
——— of Marron bar frun, £190. 
—— Stainton limestone, 794, 
Andersun’s steam crane, Easten’s ard, +20 
André’s lamp, 574. 

Angular belting, Hoyt’s, 127. 
ome mee Unriderwood's, 127, 
Anta:al charcoal machioe, Gorden’s, 71, 
an ee Machinery, G4. 
Annealing vvens, 326. 
pots, 324. 
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— eompresnion, 941. 
—— Iingiey and Acker's coul-getting, 403. 
——— Freanel or dioptric, #42. 
ae Hopkinsin's optical, #34. 
—— Mather and Piatt’s boring, 1146. 
—— Pintach’s oll-gas, 1068. 
—— preesure-intensifying, 753. 
—~—~ at the South Foreland. dioptric, #44, 
~——— Thamm + Rothmulier’s beating, 1687 
woe VECUOM, 991. 
—— Wheaststone's automatic, 556. 
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{ Arch braced, 258. 

| ——— bridges, cast-iron, 230. 

| ne em At York, cust-iron, 235. 
—— ribs, strains, 227. 
Archerau’s lamp, 567. 

Arches, 299. 

—— brick, 219, 224. 

-—~ cast-iron, 227. 

Arch, strains, braced, 259, 


t Arches, wrought-iron, 240, 

' Area at fracture, contraction of, 882. 
| —— of sewers, 1064. 

* Arrangement of belts, 114, 

| Arsenal hammer, Woolwich, 694. 

' Ash cloaet, 1090. 


Ashton and Storey’s steam power meter, 740. 


_ Askain furnace, 795. 


—- ——, escaping gases, 796. 

from, 796. 

—— hematite pig iron, 796. 

Agphalte casings, 539 

Aspinall’s autumatic vacuum brake, 140, 
Association unit, British, 550. 
Atkinaon’s bracket, Richards and, 1) 02. 
—— lathe, Richanis and, 850. 
Atmospheric hammer, Butterfleld's, 707. 
—— —— Sholl'a, 700. 
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, Atomic formulas, heat, 735. 


Aidnometer, Hughes, 5x6. 


' Augers, ground, 1159. 


— worm, 1139. 

Automatic apparatus, Wheatstone’s, 56. 
—— repeater, Vian!’s, 531. 

—— “elf-sustaining crane, £22. 


‘ a Vacuum brake, 174. 


Aveling and Greig’s shoe, 959 
Aveling and Porter's engine, 966. 
—— —— farm locumotive, 971, 


_ Aveling’s roid redler, 969, 
| Axte boxes. 995, 1023. 


——— box, Windmark’s, 91, 
—— Dixon's railway car, 90. 


_ Axles and axle hoxes, #6. 


—— ——, Partridge’s, 9. 
—— Milttmore's railway car, 90. 


,— guards, 955, 10255. 


—— wheels and, 944, 1022, 


. Azimathal condensing prisma, 911. 


Backcasia, 385, 3464, 
. Bailey's pyrometer, 855, 

' Bain’s firealarm, 544 

| Baird's coal-cutter, 390. 


Baker's blower, 616 
Balance or box dock, 456. 
—— ploughs, 27. 
Baldwin's lift, 426. 


' Ballast barges, 474, 
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Band links, 126. 

Bargre, ballast, 474, 

Barge canala, 292, 

Bar frun analysis, #11. 

—— —— atalysia of Marron, 810. 

——— ae Swediah, 474. 

Barker's coal-catter, Winstanley and, 388, 


| Barlow raila, columns, 9721. 
| Barlow's rock drill, 972, 


Barn machinery, 95 


' Barrett's horae gear, 103 


Burrows and conveyances, 193. 

Bara, testa of Fagersta ster), #07. 

——— eee Marron fron, 109. 

~—— Of web of bowstring girder strains, 256. 
Hawic tiningx, 1110. 

o——— alag, 1109. 

Battery, Byrne’s compuund-plate, 520. 
Battery, Motor, 521. 


‘ Battery, Pogyendorff, 621. 
_ Beacons, lights, buoys, and, 830. 


Beams, continuous, $91. 
Beam, transverse vibrations for a bomogenro 
897. 

Bearing springs, 985. 

Bearings, rails on continuous, 1131. 

Bed, moulding lathe, 642. 

~—— plater, 633. 

Belleville boiler, 155. 

Bellington and Derbyshire's wheel-mould 
machine, 660, 

Rell mouiding, 671. 


. Bell's coal washer, Green and, 361, 


--—~— telephone, 522 

B--lts, arrangement of, 114. 

~-=- and belting, 1Od-129, 

Blt for cooling shaft Journals, 120. 
—— driving power of, 116. 
-—— dynamometer, 500, 

—— edge jald, 126 

—- fastener, Lincolne, 109. 
—— heles for quarter-turn, 125. 
—— hook, Champion, 105, 

—— hooks or fastenings, 10x, 
—— husks, Wilson's, 109. 
Belting, books, 129. 

-—— cotion, 129, 

~—— Hoyt's angular, 127. 

~——~ of iutestines, 129. 

——~ paper, 129 

~— Underwood's angular, 127, 
mem Varietion, 126 

- machines, }s2, 

Belts, Parker's, (20. 

-—— preservation and care of, 107. 
a Marter-tam, 122. 

—— round, 126. 

—— rubber, 124, 

———- running of, 110. 

~—— Shinn's pulley for, 127. 
—— siogle and doubie, 129. 
-—~—— ater], 129, 

w--- #tuda, Blake’s, 109. 

~~ Whe, 129. 

Benson builer, 166. 

Rerard’s coal washer, 363. 
Bessemer converter, 4.30. 

—— uperation, steel, Dhas, 
ome Mtoe! Composition Of, 475, 


See ee BPO Of, HTD, 


Bickford fuse, 146. 

Bidkter’s coal breaker, 404. 

Hinder and harvester, Osborne's, 43. 
Bind:ng jolata, 297. 

Hinting, Wood's reaping and, 40. 
Kirkeobead cofferdam, 304, 

Bischoff gas engine, 599. 

Black burne’s oil lubricator, 94. 

Rack diamonds for atone cutting, 1136. 
Klackfriars Bridge, 241. 


| Black grey tron, 317, 


ae 


ne ee 


Blatr’s process, 1s. 

Blake's belt atuda, 109. 

——— crusher, 915, 

Blake pump, 943. 

Blast farnaces, 792. 

~— furnace, 619. 

——— ———— wagon drop, Wrightaon's, 04. 
Hiaasting, 129, 342. 

—— booka on, 247, 


{  CoMDpACt rocks, 142. 


meee eee cee te 


~~ In open cuttings, 141. 

wove FOCK, 141. 

oe stratified rocks, 144, 

~~ table on, 146, 

ee tov)s, 130, 

~—~ tn well sinking, 11:38. ( 


Blocks, cnocking, 99. 

Block, stud, 1141. 

Blower, Baker's, 616. 

no experiments, 615, 

—— Rovts, 615. 

Boats, canal, 290. 

Bodies, texture of, 836, 

Bogie carriage, Fairlie’s, 990. 
Bogies, trucks or, 1012. 

Boilers, 147. 

Boiler, Allen, 157. 

—~——~ Belleville, 156. 

—— books on, 170. 

—— Cornish, 147. 

~~ Fa wbalrn, 152. 

—— Firminich's, 157. 

—— Galloway, 149. 

~—— Hancock's tube-, 153. 

—- Harrison, 158. 

——— Head's suspended, 165. 

—— Howard, 157. 

—— Jamen’, 154. 

—— Jurdan, 156. 

—— Lancashire, 147. 

—— Miller's, 160, 

——— Perkins', 164. 

—— at Philadelphia, 169. 

—— plate, composition of Shropshire, $75. 
—— plates, welding atecl, 574, 

—— Routs', 154. 

—— size of, 162, 

—— nize of, 149. 

—— stationary, 167. 

——— stays, machine for fining, S62. 
—— steam, 147. 

—— tests, 165. 

Bond's earth closet, 1090. 

Books upon agricultural implements, 52. 
——- on coal mining, 416. 

— -—— Delding, 129. 

-~—— —— blasting, 147. 

am eee boilers, 170. 

——— ——— bridges, 266. 

—— —— drainage, 467. 

—- —— electrical engineering, 591. 
——- ——— gid, 687, 

ee oe heat, 737, 

—— —— sauilary engineering, 1090. 
Bordeaux cylinders, 207. 

Bore-boles, quantity of explosive fillmig, 019 
Koring apparatus, 1142. 

wen ——— Mather and Piatt's, 1146. 
—-- deep, 1143. 

~~— head, 1147, 1152. 
-— machine, bl4n, 

-- machines, drilling and, #54. 
am ——— Hind’s, 458. 

—— plant, 9&2. 

—— ToJdA, 1440, 

-—— sheer frame, 1143. 

-——- tools, 132, 1139. 

~——~ well sinking and, 1154. 
Borlaae’s concave buddle, 909. 

—— or-dressing machine, 911. 
Bornhardt's frictional eaploder, 136. 
Houliguine's electric lamp, 877. 
Hower's retort, 673. 

Kowstring girder flange strains, 258. 
ae eee Brain, 2H4, 

eee ee ON Hata of web of, 256. 
Box dock, balance or, 455. 

Hoxes, axle, 948, 1025. 
o——— Axles and axle, 46. 

—— Partridge’s axles and axte, 89. 
-—— Valves, 178. 

Boydell’s engine, 964. 

a~— Wheel, 944, 

Boyd's experiments, 162. 

Rraoed arch, 258. 

—— ——~ atralns, 254, 

Bracing bridges, 2332. 

Hracket, Kichards and Atkinson's, 1103. 
Brake, 170. 
a—— Achard's electric, 140. 

~—— Aspinall’s automatic vacuum, 180, 
~———— Automatic vacuum, 174. 

———~ Chain, 171, 

~——- Compresned air, 173, 

Brakes, continuous, 173, 

-—~— cylinder, 179, 

——— dynaniometer, Imray's 802. 
wn ome friction, 60H. 

——~ or dynamometers, friction, 502. 
~—~ hydraulic, 172, 

—— power, 170, 


' —— compression, Portland cement, 342. 
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Brakes, vacuum, 171. 

—— Westinghouse aire, 177. 
Bramwell’s dock, 456. 

——- floating lift, 455. 
Brass-founders’ air-furnaces, 66%, 
Brass founding, 666. 

— work modelling, 666. 
Bratticing, 381. 

Bray's wheel, 953. 

Breaker, Bidder’s coal, 404. 

—— Hurd and Simpson's cuul, 404. 
Breasts, tuyere, 795. 

——— water, 803. 

Breguet’s machine, 476. 

—— magneto-electric machine, 137. 
telephone, 585. 

Bremme’s wheel, 961. 

Bricks, 188. 

Brick arches, 219, 224. 

-—— bridges, stone and, 212, 

—— burning, 192. 

———~ in chimneys, $57. 





-—— drying, 192, 
—— earths, 149, 


, oe kilns, 194 


—— machines, double cylinder, 1$2. 
—— machine, Durand and Marats’, 142. 
mee —— Liddell’s dontile, 142, 
—- —— semi-dry, 185. 

Brick making machines, 141. 

——— material, 146. 

—~ moulding, 192. 

—— press, PAT, 

—— pressing machine, Stubbs’, 183. 
—— sewer, LUT]. 
—— sewers, 1066. 
—— shaping machine, 147. 
—— slag, 147. 
-—— stefuing, 1137, 


1 meee -VTit ties OF, 191, 


= 


—— Welsh dinas, $5.5. 
Brickwork blocks, 343, 
—— com nt, 343, 

~~ chimneys, $52. 
Bridge, 195. 
——— Adelskolda, 26 3. 
--— Albert, 214, 222. 
—— Alexandra, 201. 
Bridges, American timber, 226. 
—— Blackfriars, 241. 
—— books, 266. 
~—- braciuy, 232. 

——~ In Kuenvs Ayres, 216. 
cast fron, arcbed, 250. 
—— Chelsea, 221. 
—- Coblentz, 200 
—— duplex, Stearn’s, 525. 
~— East River, 210 
—— Esk, Tasmania, 260. 
—— footway, 223. 

-— foundations, 196. 
——— fianges, 244. 
——— (ilaaguw, 201. 
—~——~ (30rai, 205, 
aa Gmevenvur, 212. 





* .———- fron, 227. 


—— Katsas City, 201. 

—— Kebl, 207. 

—— Lambeth, 221. 

—— at La Place de LiEurope, 219, 

Lendal, 220. 

—— Materials, 195, 2:33. 

mae ~~ — Victoria, al, 

~-— Medway, 220. 

——— New Ry aa, 215. 

—— Norwegian Railway, 26! 
~~ plan of, 195. 

—— rails, 407. 

--— rallway, 223. 

——— Ravi, 201. 





oa roadway, 220. 


—— —— Prent, 227. 


1» = Saint Louis, 263. 
‘ ae Severn, 230. 


we et 


——— atecl, 261. 

-——— atone and brick, 212. 

~—— strali, railway, 249. 
ae Sule}, 201, 

—— timber, 224. 

—— Trent, 235. 

eee Unit strain in timber, 227, 
——— Vernon, 199. 


| woo Victoria, 240, 
, om wrought-iron, 240 


--= at York, casterron arch, 234. 


{ 
| 


Bridging joists, 293. 

Bridle plough, 18. 

British Association unit, 550. 
Briquette stoves, Hardy's, 994 
Broadbent's safety cage, 271. 


_ Broken ropes, 270. 


| 
| 


| Bronze tuyere, phosphor, 81.0. 
, ———— work, 670. 


Brooklyn Pier, 210. 


| Brotherhood’s engine, 595. 


Brown's caloric engine, 597. 


; —— drilling machine, Gire gson and, 454. 


Brownery Colliery, coke oveus, 416, 

Brown’s hydraulic machine, 742. 

—— relay, Allen und, 555. 

Brunton’s calciner, 911. 

Brunton and Trier’s stun:-dressing 1m 
1128. 

Brush dynamo-electric machine, 475. 


-—— lamps, 569. 


Bryham’s discounecting huvk, 274. 
Bucket grapnel, 1153. 

Buckling teats, 166. 

Buddle, Borlase's concave, 909, 
—— convex or c ntre-h«ad, 90%, 

—— Martin's, 904. 

—— propeller knife, 909. 
Buddling, 910. 

Buenos Ayres, bridg -9 216. 
Buffing and draw-springs, 945. 
Bull, claying tron or, 132. 
Mull's dredger, 470. 

Buoys, and beacuns, lights, 630. 
Burleigh compressor, the, 6J. 
-—— rock drill, 974. 

Burner, Sawye r-Man, 577. 
Burning brick, 192. 


» Burnt lime, 330. 


Burrel}’s farm locomctive, 971. 

Bushes, casting, 635. 

Bustamant: furnac-s, 900. 

Bute Ducks, bydraulic machines at, 747. 
Butterfield s atmuspheric hammer, 705. 
Byrne’s compouud-plate battery, 520. 


C apie dimensions, 543. 

-~-—— gtrams, 543. 

Cables, submarine, construction, 537. 
subinetsion, 542 

Cages, 266. 

Cage, Broadbent's safety, 271, 
Callow’s safety, 271. 

—— Pentun and Whittaker’s safety, 27: 
—— elevator, §29, 

—— form of, 266. 

-——~ King’s saty, 271. 

—— Owen's sif- ty, 270 

Cages, safety. 269. 

Cage, single-decked, wrought-iron, 267. 
—— White and Grant's -afity, 272, 
—— Whitelaw’s safety, 272 
Catssona, 19%, 

—— floating, 199. 

Caleiner, Brunton’s. 911. 

—— Oxland’s and Hoc king's, 911. 
Caldining kiln, Starback’s, 2*7. 
Calculus, 278. 

Calow’s disconnecting houk, 273. 
—— safety cage, 271. 

Caloric engines, 837. 

-~— engine, Brown’s, 597. 

Canals, 290. 

——— barge, 292, 

Canal boats, 290. 

—— = dimensions, 291. 

—— gauges, 294. 

—— Grand Surrey, 257. 








oa lateral, 290. 


——~ leakagr, 291. 

——— level, 290, 

Canalized river, 290. 

Candle, Jablochkoffs electric, 576. 
—— lamp, Rapieff’s, 577. 

—_ Wilde's, 877. 

Cape Grisnez lantern, 839. 





ae La Héve lighthouse, 833. 
’ Carbon engine, Thomson, Sterne, & Co.'s 


Carbonization, 673. 


' Carbon, King’s, 577. 
" eee and Silicon in iron, 312, 


—— transmitter, Edison's, 564, 
Cards, length of iistieatar, 774. 
Cire of belts, preservation and, 107. 
Careening, 434. g 
Car, interior of Pulluaan, LOVE, 
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Car, Knott's refrigerator, 1018, 
Cars, Pullman, 1008. 
Carre’s lamp, 569. 
Carriage, composite, 988. 
——- —— saloon and sleeping, 1005. 
~~— Continental composite, 1008. 
--— Fairlie’s bogie, 990. 
~— hunting, 996. 
Carriages, lighting railway, 1058. 
-—— Mann’s sleeping, 1000. 
—— Regray's third-class, 991. 
——- saloon and sleeping, 996, 1003. 
a BeCOnd clams, 937. 
-— sleeping, 99%, 1001, 1004. 
-—— spring, 1023. 
o-e= or truck, plongh. 18. 
ween, two-storied, 993. 
Carpentry, 295. 
Carriers, 934. 
~—— dimensions, 939. 
Carsatelli’s pyrometer, 954. 
Car, Schram's gadding, 980. 

- steam tramway, 964. 
Cars, tramway, 963. 
Case hardening, 327, 
Casings, asphalte, 539. 
Casson-Dormoy furnace, 811. 
Castings, 320. 
Casting bushes, 635. 
wm Chill, 321, 632. 
one rolls, 323. 
—— contraction of metals in, 629. 
a gates for, 636. 

- group, 1112, 
am run, 646, 
——— iron on metals, 329. 
—— ornamental, 329, 
oom patterns, 628. 
—— weights of, 628. 
w~—— wheels, contraction in, 629. 
Cast iron, 313. 
—- —— arches, 227. 
—— —— arched bridges, 230. 
—— —— arched bridge at York, 234. 
——n ——— Composition, 314. 
—— —— crystalline, 314. 
me mmm Chilled, 1128. 
—— —— girders, Weight and load ef, 239. 
—— ——= flanged girders, 238. 
—— ——— granular, 314. 
om a malleable, 327. 
—— ——— meitings, 315. 
—— ——— piles, Dixon's, 921. 
ame ——— PAU way Whe-ds, chilled, 325. 
—— ——— quality, 315. 
ee oe Sleepers, 1133. 
a —— White, 313. 
ammee ee Windyw frames, Wronght and, 329. 
—— steel, 664. 
Catch pit gully, 1078, 
Cathel’s washer, 6-2. 
Cawley's indicator mution, 776. 
Ceiling joists, 293. 
Cellulose, 649. 
Cement, 331. 
—— analyses, 347. 
—— and concrete, strength, 340. 
o-— bricks, compression, Portland, 342. 
one brickwork, 353. 
—— concrete, limes and mortar, 330. 
on hydraulic, 347. 
ww Keene's, 341. 
woe Medina, 341. 
a——— Parian, 341. 
—— quailty, Portland, 335. 
wee LAT, 4G. 
-—-- Water piper, 338, 
( -menutat on 432. 
Centre-head buddle, convex or, 904. 
Centre, Perenct’s, 301, 
—— Telford's, 300. 
—— Waterion bridge, 36} 
omen Welehin, 29%, 
Centring Cockot, 299. 
Chain brake, 17). 
Chaira, rails on, 1139. 
Cha'k, 1#9. 
Chambers, air, 450. 
o—— flushing. 1072, 
Chamber, manholr, flushing, 1072, 
Coamptun belt hook, 108, 
Champion's machine, 192. 
Character of formation, mineral, 762, 
Chariot are off last distinctive, 249. 
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Charcoal machine, Gordon’s animal, 71. 
——— ——= Goodwin's, 76. 
—~——- machinery, animal, 68. 
Charger, Best and Holden’s retort, 678, 
—— West's retort, 677. 
Charging, cupola, 625. 
pipe, 179. 
Charlton’s shaft coupling, 1100. 
Chelsea bridge, 221. 
Chemical compvsition of corrosive testa, &76. 
—— —— of test pieces, 876, 
Chill casting, 321, 652. 
Chilled castings, 324, 
—— cast-iron cutters, 1128. 
—— —— railway wheels, 326. 
——— moulds, 321, 324. 
Chilied rollers, 322. 
Chills, 325. 
Chimneys, bricks, 357. 
—— brickwork, 382. 
—=- at Deu’s Works, 351. 
—— Northfleet, 356. 
—— proportions, 352. 
—— shafts, 349. 

- shaft, concrete, 353. 
—— ———— straightening, 356. 
——— = — Townsend, 358. 

- to steam bollers, 350. 
Chisels, 1139, 
Chocking blocks, 99. 
Clamps, tube, 1141. 
Clark's lift, 439. 
Clarke's machine, 475, 
Claw coupling, 1093 
Clay, 189, 


' Clay crucibles, 328, 
' Claying iron or bull, 132. 


Clays, mottled, 763, 

—— for moulding, 631, 

Clayton's moulding machine, 193. 
Cleaner, plough, 1s, 

Cleaniig and dressing castings, 672. 


ome CHAM Tails, PD ig 


Cleansing aint washing cual, 359. 
Clevedon pier, 923. 

Cleveland tron, 74. 

—— —— compusitiun of, 875. 


. Clovis plowach, ba. 


Clinker, 338, 

(Closet, ash, 1090. 

—— Bond's earth, 1090. 
——- dry, 1O87, 

Coal breaker, Bidder's, 404, 


, oe Hurd and Simpson's, 404. 
/ oo chansng and washing, 354, 


——— cutter, Haird’s, 390 

—— Galloway and MVherson's, 496, 
a —— Grillutt and Copley's, 481. 

— —— Hurd and Simpson's, 392. 

—— ee Jolinson's, 395, 

—— —— Likhenthal's, 415. 

me oe Nigeg and Meiklejobn’s, 309, 


(me ae Winatantes and Barker's, 444, 


——— chatting machine, Alexander's, 400. 


—— getting apparatus, Dingley and Acker’s, 


4a, 
—— mining, 364. 
—— —— books, 416. 
—— ——~— Kind Chaudron system, 347, 
ee bevel, 472. 
—— waggon, 1021, 1024.. 
—— washer, Berard’s, 363. 
ee  Fereers atd Bell's, 361. 
ae eee Maranult's, 367. 
ame ee Riviere’, 365. 
—— ——- Sh pperd's, 361. 


ome Washitig, S60, 


—— ——— apparatis, 360. 


ee eee Machines, Morrison's, 361, 


Coblentz bridge, 26). 
Cochrane's pipe insulding machine, 656, 


, Uucket centring, 299. 


Cock, plough, 14. 

Coeffident or meatulas of clastivity, 474. 
Cofferdam, 197, 305. 

Cafferdarna, 2413. 308. 

Cofferdara at Bickenhead, 308. 

—— Puoherty’s, 306. 

~~ nwa, 309. 

Colled tuyerr, 800. 

Coke, 426. 

ae analyala, 416. 


' nen meme Jrirham, 796. 


mee OVEN, JOE. 
we ane eee 46. 
ee eee Appt’, 439. 
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Coke ovens, Brownery colliery, 416. 
—~~ —— Eaton's, 420. 

—- —— Cuppée, 422, 

—— ——— Galloway's, 427. 

—— —— Gjer’s, 417. 

ne ee Goblet’s, 421. 

—~— —— Serang, 425. 

Cold rolled iron, shafting of, 1093. 
Colladon’s air compressor, 57. 
Collieries, 373. 

Collom's Jigger, 914. 

Column, Barlow rails, 921. 

Columns, Dowson's wronght-fron, 921, 
Column, Wilson's wrought-fron, 921. 
Columns, wrought-Iron, 250. 

Colour heat tests, 876. 

Combination of different materials, 896. 
pan, 919. 

Combustion, heat, alr for, 735. 

— —— products of, 735. 

Compact rocks, blasting, 142. 
Comparison gunpowder and steam pile driver 
* 932. 

Compensator, Wilson’s induction, 688, 
Composite carriage, 0838. 

a Continental, 1005, 

—— saloon and steeping carriage, 1005. 
Composition of Bessemer eteel, 475, 
— cast-iron, 314. 

— of Cleveland fron, 875. 

—— of corrosive tests, chemical, 876. 
— of Martin-Siemens steel, 875. 
—— of rivet steel, 475. 


> —— of Shropshire boiler-plate, 875. 


—— of subcarbonized steel, 875. 
meee Swedish iron, 475. 


{ me of test plecea, chemical, 876. 


Compound desormiations, 383. 
—— hammers, 690. 

—— Jack, Harrison's, 427, 

—— plate buttery, Byrne's, $20. 
——— pens, 52. 

Compressed air brake, 173. 
Compression apparatus, 941, 

—— Portiand cement bricks, 342. 
ame Coupling, 1099. 

—— strength of material, 84, 


, Compressors, alr, 52, 


Compressor, the Batleigh, 63. 
—— Colbadon's, $7, 
——— kowlet’s air, 68. 


, om Barhorn’s air, 62. 


--—~ Shirum’s air, 68, 
——— Sturgeon’, do, 
Concave buddle, Hurlase'’s, 909, 


' Concrete, 338 


-—— chimney shaft, 354. 
—— foundations, $4. 
—— foundation, rails en, PEST, 


> omen Limes and mortar, cement, 330. 


meee TOS, USD, 
wee for sewers, 1068, 
——— strength, coment and, 340. 


: Concusatve teats of tren and steel, 871. 


Condensers, 652, GH). 

Condensing power, distant sea light, 446. 

ee ee var sea light, 847. 

—— prinm, azimnthal, #4). 

Conditiun of outcrep, position and genera 
765. 


— Conductivities of metals, 725, 726. 
, Cone coupling, Seller’a duuble, 1099. 


—— pulleys, 114, 

Conglomerate rocks, blasting, 146. 
Conradi’» plone aaw, 1129. 
Construction land line, 540. 

wm alrength of materials of, 870. 
-— aubmarine cables, 5:37. 
Continental cumpoaite carriage, 1008. 


> Continuens beams, #91. 


m~ 


——— bearings, rails on, 1131, 
—— brakes, 172. 


' Contraction of area at fracture, ¢62. 


— in casting wheels, 629. 
nem Of metals in casting, 629. 
Converter, 1109. 

——— Plempetnver, 430. 

em lining, trplacing, 1110, 


| Converters, refractory Hnings, 1169. 


Convex or centre-head buddle, 908. 
Conveyances, barnwa and, 192, 


. Gouke’ and Hunter's stone moulding machint 


-_ mw me 


1324. 
Coulens and acceseorica, retorta, 74, 


ae th & shite valve indicator, 741. 


Copley’s coal cutter, Gillots, 392, 


Coppie coke ovens, 422. 
Copper, 429. 

Copper ore, 914. 

Corbiére Lighthouse, 830. 
—— ——— plutform, 832. 
Cores and core prints, 646, 
Core, diameter, cables, 537. 
ee Moulding, 640, 
Cornish bollers, 147. 


Corrorive tests, chemical composition of, 876. 


Corves, 376. 

Coat of ateam ploughing, 971. 
Cotton belting, 129. 

—— gun, 605. 

Cotton press, 754. 

Counter, rts, 306. 

—— abutments, wing-walls, and, 215. 

Countershaft, 1096. 

Coupling, Charlton’s shaft, 1100. 

-———— Claw, 1098. 

——— compression, 1099. 

—— Creason'’s patent, 1100. 

-— flange, 1098. 

——— Hichards’, 1101. 

—— —— and Loudon’s, 1101, 

—— Loudon, and Kelly’s, 1100. 

—— Seller’sa double cone, 1099. 
souplings, shaft, 1096. 

—— ahinft, 1097. 

—— solid half lap, 1098. 

Coventry's hanger, Smith and, 1104. 

Covered goods waggon, 1029. 

Cowper's writing telegraph, 565. 

Crampton’s puddling furnace, 813. 
Crane, automatic self-sustaining, $22. 
Crane’s bracket, 1103. 

Easton and Anderson's steam, 820, 
-—— portable hydraulic, 749. 

—— steam derrick, 20, 

me Thomas’, 822. 

——— travelling, 820. 

—— travelling a4team, 621 

Cresaon’s patent coupling, 1100. 
(rite, 312. 

Crosa bracing, 283. 

——-~ girder, Moments, 453 
Crossings, tramway points and, 113d. 
Crown telephone, Phelps’, 545, 
Crow's foot, 1140. 

Cracibles, 664. 

Crucible steel, strength of, 871, 
Crusher, Blake's, 915. 

Crystalline cast iron, 314. 
Crystallization, 319. 

Crystala, formation of, 319. 
Cultivation, steam, 21. 

Cultivator, Giretg’s, 29. 

Cupolas, 619, LILI. 

Cupola, charging, 625. 

—— furnace, 616, 

——— Heuton's, 621, 

—— Ireland's, 621. 

—— Krigar’s, 620. 

w——— lining, 622, 

—— Mackenzie, 620, 

—— portable, 621, 

——— trapdoor, 644. 

—— Voisin's, 621. 

—=- Woxlward's, 621. 

Curbs, 374. 

Curb fron, 1138. 

———- Welling, 379. 

—— wedging, 379, 342, 

‘—~- Wooden drum, 11:35. 

Current meter, More's, 903. 

Cutters, chitled cast-iron, 1124, 
Cutter, Galloway and McPhermon’s, 396, 
—— Gillott and Copley’s coal, 391, 
—— holder for revolving, 1127. 

—— Johnson's coal, 398. 

——— Lalienthal's coal, 405. 

—— Rigg and Metklejotin’s coal, 299. 
—< Tool, 103, 

—— Schram's atone, 1129. 

~— steel, 1129, 

—— iurnip, 49. 

—— Winstanicy and Barker's coal, 28%. 
Cutting, black diamonda fur stone, 1116. 
Cutting and turning lathe, acrew, #49. 
—— Machine, Alexander's coal, 400, 
FOIE Rica Raird's coal, 393, 
Cuttings, blasting in open, 141. 

Cycloscape, 14. 

Cylinders, Hordeanx, 207, 

Cylinder brake, 179. 

v= brick machines, double, 142. 
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Cylinder foundations, 205. 
Cylindrical foundations, 200. 
- sewers, Fall for, 1066. 
~ steam, 649, 946. 


Dam S, donble, 304, 

Daniell’a pyrometer, 954. 

Darbyshire'’s wheel moulding-machine, Belling- 
ton and, 660. 

Darke's detent, 779. 

Darlington rock drill, 976. 

Durt’s spring, 1141. 

Data for telegraph testing, miscellaneous, 548, 

Danks's furnace, 813. 

Davis and Primrose's hammer, 692. 

Davy’s p wer hammer, 700, 705. 

Dawnay's refrigerating waggon, 
Gruning, and, 1019. 

Deep-boring, 1143. 

Defurmations, compound, 893, 

Te Meriten’s machine, 446. 

Denton's disengaging houk, 274. 

Denton’s retorts, 80. 

Denton and Whittaker’s anfety cage, 272. 

Depositing docks, 462. 

Deposit of mercury, #99. 

Derrick crane, steam, 820. 

Destru-tion to tuyeres, 404. 

Detaching hook, Ramsey and Fisher's, 277. 

Detaching hook, Walker's, 275, 

Tetent, Darke’s, 779. 

Detonation, 607, 

Detonators, 136. 

Deu’s works, chimneys, 351. 

Deviated flexure, #90. 


Tallerman, 


. Diagram of forces, 251. 
_ Diameter of core, cables, 537. 


Diamonds for stone-cutting, black, 1116. 
lickenson’s floating dock, Frevithick, 454. 
Differential voltameter, 956. 

Differentiating, 203. 

Different materials, combination of, 896. 
lhigging machine, Kmght's steam-power, 27. 
Dimenstona, cable, 543. 

canals, 291. 





" = carrier, pheamatic, 939. 


—— of fans, 615. 

—— of piles, 929, 
pistons, 939, 

—— tubes, 939. 

Dinas brick, Welsh, 353. 





» Dingey's pulverizer, 913. 


Dingley and Acker's coal-getting apparatus, 103. 
Direct lifts, 437. 

Discharge of egg-shaped sewers, 1065. 
Iiacharge of sewers, 1063. 
Disconnecting hook, 270. 

—— hook, Bryham's, 274. 

hook, Caluw's, 273. 

——— book, King’s, 274, 

hook, Mctilll'’s, 275, 

—— hook, Ormerod’s, 273, 
Disengaged heat, 726. 

Disengaging hook, Denton's, 274. 








. Distant wa light, condensing power, 846, 
| Pnstinetive charactor of lights, 832. 
| Distributor, Gramine’s, 45. 


District draining, 161. 
Dioptric apparatus, Fresnel er, 942. 
Moptric apparatus at the South Furcland, 644. 


| Dixon's cast-iron piles, 821. 


jananiase coun cama Sciam e in 


| 


fuixon's railway-car axle, 90, 
Phocks, 434, 

[h\ok, Brainwell's, 456. 

-—-- depositing, 462, 

— excavated, 458. 

-—- floating, 449, 

nome etten, 444, 45%, 460. 

——- girders, 442, 

——- gliders, StPemten, 444. 
—— raving dry, 405 

—— hydraulic machines at Bute, 747. 
we Hfting, 440. 

—— Rotherhithe floating, 454. 
— St, Thomas, 457. 

~——— Weight of, 480, 

Doewra's mizer, 1}3%, 

Dog, hand, 1140. 

~— lifting, 1140. 

—— pipe, Lal. 

Doherty's coffer dam, 306. 
Dolly, pipe, 2141. 

Domes, steam, 151, 

Door, Cupola trap, 826, 
Bormos, furnace, Cashon, Td, 


Double belts, single and, 119. 

—— cone coupling, S-ller’s, 1099, 

——— cylinder brick machines, 182. 

——— dams, 304. 

—— lathe, 851. 

——— tool-hoider, $62. 

Dowson’s wrought-iron columns, 921. 

Drainage, 465 

—— books, 467, 

—— mines, 466. 

Draining district, 1061. 

Drains, lateral, 465. 

Drain, main, 465. 

—— pipes, agricultural, 466. 

Drainage plough, 19. 

Draining, 340. 

Draught-testing instruments, 505. 

Draw-gear, 1021. 

—— springs, buffing and, 945. 

Dredger, 203. 

—— Buil’s, 470. 

—— Fouracre’s, 471. 

—— at Kehl, 208, 

—— Popie's, 473. 

Dredging, 465. 

—— plant, 464. 

Dressing castings, cleaning and, 672. 

- machine, Borlase’s ore, 911. 

—— machine, Brunton and Lrier’s stone, 

Dress ores, machines and processes emplu 
906. 

Drilling, 803, 

—— and boring machines, 854. 

—— machine, 403. 

— machine, Ferris and Miles’s, &55. 

—— machine, Gregson, Brown and Sons’, 

Drill, Barlow's rock, 972. 

— Burleigh rock, 974. 

—— Darlington rock, 976. 

joe Pubeos-Francois ruck, 973. 

, —— grinding machmes, twist, #63, 

 — Feral Tuck, 976. 

— Jordan's rock, 971. 

— Kalnutomon rock, 975. 

aw— McKay's, 657, 

— McKean rock, 975, 

portable, 955. 

+ eee TOCK, 1.50. 

, om Sach’s rock, 976. 

—— Schram's rock, 977. 
myn, 31, 
—— Weaver's rock, 971. 
Driven, piles, 924, 
friver, pile, 927. 
Drivers, conparisun gunpowder and sa 

1 932, 

Shaw's ganpowder pil-, 929, 

i mm in soft ground, gunpowd r pi'e, 931, 

| me Steam pole, 927. 

——- working of various pile, 931, 

Driving by belts, 120. 

power of belts, 116. 

—— time, pile, 930. 

—— Wheels, 957, 

Drop, Winightson's blast furnace wagyon, 

Dram, coal mining, 3°68. 

—— curb, worden, 1135, 

———- guards and feeding gears, 97. 

Dry closet, Lor7. 

trying, brick, 192. 

—— floors, $33. 

_—— machine, Milburn’s, 102. 

stoves for brass, 670. 

Rand or green-sand mouhkding, 652. 
Dubois Francois rock «drill, 975. 
Dabosey's lamps, Foucault and, 569. 
Duplex, Stearn's bratge, 525, 

+ om transmission, Farmer's, 522. 

, —— transmission, Vianisi, 529, 
Durability, 146, 

Durand and Marais’ brick machine, 182. 
Durham coke, analysis, 195. 

Dynaniical or living resistance, 896, 
Dynamite, 608. 

Pyname-electric machines, 475, 

—— electric machine, Brush, 475. 

' — electric machines, Efficiency, 495. 
—— electric machine, Siemens’, 484, 
Dynamometcr, 499. 

—— belt, 00. 

—— experiny nts, S04. 
—= friction brake, 508, 

—<- horse, 507. 

| amen horse-power rotary, S11. 
—— Imerys brake, $02. 
——— Motin's, 2&7. 
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Dynamometer plough, 512. 
—— rotary, 513. 

coe mm Had, 609. 

aw turbine, 613. 


Eaers brick, 159. 
im Closet, Bond’s, 1090. 
Ealton and Anderson’s steam crane, 829. 
East River Bridge, 210. 
Eaton's coke ovens, 42v. 
Edge laid b-lis, 126. 
Edinburgh tramways, 1132, 
Eddison’s carbon transmitter, 584 
-——— electric lamp, 577. 
—— machine, 486. 
eaneant queue telography, 634. 
- Simultaneous transmission, 529, 
—-— telephone, 534. 
Edw lamp, Staite and, 566. 
Eel-skin laces, 108. 
Efficiency, dynamo-electric machines, 495. 
Egg-shaped sewers, 1064. 
—— ——— discharge of, 1065. 
Elasticity, coefficient or modulus, 873. 
——= of steel, limit of, 379. 
Electrical engineering, 520. 
—— om bouks on, 591. 
———— instruments, 551. 
a testing, 544. 
—ee units, 550. 
Electric brake, Achard, 140. 
—— candle, Jabluchkoff’s, 576. 
~—— fire-alarms, 5x83. 
—— lamps, 566. 
—— —— Bouliguine’s, 537. 
a a Edison’s 577, 
—— —— Higgs’, 579. 
——- —— Konn’s, 677, 
—— —— Kapieff's, 577. 
ee ——— Wiihe’s, 577. 
—— machine, Breguet’s magnet, 137. 
—— —— brush dynamo-, 475. 
~—— machines, dynamo, 475. 
—— — efficiency, dynamo-, 495. 
—— —— experiments, 490, 
— —— Holmes’ niugnety, 479. 
—— —— Ladd’s, 450. 
on oe MANELO, 475 
—— —— Siemens’ dynamo-, 484. 
«to-, 137. 
—— ——— Wilde's, 479. 
—— transmisxiun uf power, 5+9. 
Electro-magnet, 150. 
-——~— mechapicea} transmission, Snyith’s, 526. 
Electrometer, 532. 
—— Thomsen quadrant, 552. 
Elevator cage, 429. 
Plevators, Lifts, buista and, »20. 
Elongation, t sistance and, #40, 
Emery grinders, 862. 
ame WHEEIK, 36:3. 
—— wee Kanseme’s, 864. 
kogine, Aveling and Furter’s, 916. 
=——— Bischof gus, 599. 
w—— Boydell’s, 964. 
—— Brotherhood’s, 595. 
Engines, Caloric, #37. 
Engineering, buoks on electrical, $91. 
we ee ON BaNiLary, LO9O. 
—— electrical, 520. 
—— sanitary, }ué!. 
Engine, Fowler's, 962. 
om Gallahue, 592. 
o——— gan and heal, 597. 
—~— Hock’s petroleum, 602. 
a house, 365. 
——~— hydraulic hauling, 715. 
-—— Lidgerwoud, 692. 
—~— Massey, 592. 
— Myer's, 592. 
——— Otto gas, 600, 
——— Outridgs, 593, 
—— Pamenger, 96:2. 
~———— NYTer and eleam, 964, 
mom Kider as hot-air, 699. 
—— Taylor's, 965. 
-—— tenting with «team, 767. 
~~ Thomaon’s, 965. 
——~ Thomson, St ne, and Co.'s carte n, 014 
a~—~— trials of rotary, 593, 694. 
cm varletien of, 594. 
» Weot's aix-cyliuder, 596. 
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Erecting targeta, 11085. 
ge ae gases in Askam furnace, 796. 
Esk Bridge, l'asmania, 260, 
Eureka machine, 39. 
Excavated docks, 458. 
Excavator, Ive's, 470. 
—— Milroy's, 204. 
Expansion gases, 71%, 
—— liquids, 718. 
——— svlids, 71s. 
- — of water, 717. 
Experiments, Blower's, 618, 
——— Boyd's, 162. 
——— dynamometer, 504. 
—— electric machines, 490. 
—— explosive, 6u6. 
- Gramme machine, 497. 
—— heat, 709. 
~ Juule’s, 714. 
~ indicator, 772, 774, 
Laybourne, 162. 
—— of springs, 770. 
—— traction, 877. 
Exploder, Burnbardt's frictional, 138. 
Explosives, 605. 
Explosive experiments, 606. 
—— filling bore-holes, quantity of, 61u 
-—— firing points of, 6uy. 
Eatension, strength of material, 834. 


I ACE, adit, 1073. 


Faciug lathe, 851. 


| Factory tests, electrical, 544, 


Fagersta steel burs, testa, su7 
Faubairn boiler, 152. 


{ 


' Fatriie’s bogie carriage, 990. 


ball for cylindrical sewers, buud. 


_ Fans, 413, 610. 
' Fan, Aland’s, 61:3. 


« 
| 


~—— dimensions of, 615. 
—— (iuibal’s, 414. 


i oe Livy's, 611. 
, oem Schiele's, 611. 
‘nr Sturtevant’s, 612, 


é 


Fare-counters, |, 
Farmer's duplex transmission, 522, 


, Farmer, lamp, Wallace, 573, 


Farm iccumotive, Aveling and Porter's, 971. 


Burrell’s, 971. 

Fastener, Lincolne belt, 109, 
Fastenings, belt hook« and, 108, 

Faulta, wsting for, 547. 

Faults, testing for, and line testing, 448, 
Faweett and Pirth’s hammer, 69.5. 
Feeder, Head's self, 94. 

Feeding gears and drum guards, 97, 
Ferris and Miles’ drilling machine, 635. 
Field tube, 157, 

Filtration, intermi- tnt, 1046. 
Ftre-nlarm, Batn’s, 545, 

—— —— Leblanc’s, 644, 

F ire-alarmas, electric, ia. 

hiring by electricity, 143. 

—— machines, 136, 

points of exploaiver, 609, 
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' Firminteh'’s boller, 187. 


Firth's haminer, Fawcett and, 623 
Fisher's detaching hook, Ramey andl, 277. 
Fittings, shafts and shaft, 1091. 
bixed lights, 442, 
Fixing butler stays, machine for, *62. 
Flange coupling, 109%. 
Fianged girder, cast-lron, 238. 
Fianges, strains, 264. 
strates, bowstring girders, 256. 
—— St eqes on, 449. 
——— total streners on, 454. 
hap, tidal, 1075. 
tlexible shaft, 1107. 
Viexure, 448, 
—— deviated, $90. 
—— rupture imminent hy, 492. 
—— sliding due to, #91. 
Floating caisson, 199. 
——— dock, 439. 
——— ——— Kotherhithe, 454, 
—— -—— Sectional, 455. 
lift, Branswell’s, 465, 
—— pier, 926. 
Flooring, 295. 
Fioora, drying, 333. 
— * ymbers, 1072 
, inanhole, 1073 
—— gate, 172, 





Flushing sewers, 1077. 

Fog signal, 836. 

Foot, crow’s, 1140. 

Footway, bridge, 223. 

Forces, diagram of, 251. . 

Foreland, dioptric apparatus at the South 844. 
—— Lighthouse, South, 836. 

Forge bammer, Hasse’s, 706. 
Formation of crystals, 319. 

——— mineral character, 762, 

Form of ca,rea, 266. 

Formule, pneumatic transmission, 936 
Formulas, heat atomic, 735. 
Formula for sewers, 1066. 

Foucault and Duboscy’s lamps, 669. 
Foucault’s lamp, 666. 

Foundations of bridges, 196. 
Foundation, concrete, 354, 

—— cylinder, 205. 

—— cylindrical, 2v0. 

—— of the Poiney Viaduct, 200, 
—-- rails on cuncrete, L131. 

—— at the Rhone, 198. 

—— rubble mound, 193. 

-——— tramway, 1130. 

—— tubular, 206. 

Founding, 618. 

branes, 666. 

—— of statues, 671, 

Foundry iron, 314, 

— luiles, 663. 

—— pits, 661. 

—— Bloves, 660. 

Fouracre's dredger, 471. 

Fow Jer’s alr compressors, 64. 

—— engine. 964, 

Fracture, contraction of area at, 482. 
Frame, boring sheer, 1143. 

Frames, wrougbt and cast-iron, 329. 





' French and Swiss units, 550, 


Fresnel or dioptric apparatus, 842, 
Frictional explod: r, Bornbardt’s, 156. 
—— machiner, 136. 

Friction brake dynamometer, 504, 
—— brakes or dynanione ters, $02. 
Frischen transmission, 934. 

Frel gas pr ducer, +20. 

Furnace, Askam, 795. 

——— bast, 61Y. 


' Furnaces, blast, 792. 


—— brassounders’ alr, 66%, 

—— Bustamianie, “ud, 

——- Casson Dormoy, 411, 

—— Crampton’s puddling, 413. 
-—-—~ cupola, 614, 

—— Dauika'a, 413 

—— escaping gases in Ankam, 798. 
—— Idrian, 4u0, 


/ ——— mouthpleces, 162. 


—— Pernot, 411. 


meme FeVerberatury, G26. 


mam Wha fta, 354, 
—— Slag from Askani, 796. 
—— Spit geleiaen, 799, 


_ ao tubes, 150, 


‘ 


} 


—— waggen drop, Wrightasun's blast, #06, 
Fuse, Bickford, 146, 

—— Rafety, 13. 

Fuses, quantity, 138. 

meee tonaion, 14. 

Fusible from, 20. 

Fusion of subatances, heate of, 717. 


(Fappixe car, Schirami'a, 940. 


' Carffe’s Lamp, 569. 


(allahue cngine, 692. 
Cialloway boiler, 149. 
Gialloway's coke ovens, 427, 


' Galloway and McPherson's coal cutter, 396. 


\ 


(salvanometer, Thomeon, 651. 


' sangea, bridgr, 244. 


‘ eee canal, 294. 


: 
; 
} 
1 
f 
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‘ 


(iarrett's threshing machine, 87. 

(jas apparatus, Pintach's oll-, 1059. 
(canes in Askam furnace, escaping, 796. 
(Gas, books on, 687. 

——— denaition of, 732. 

—— cngine, Bischoff, 699. 


( mmareee somone Oi ter, G40, 


mee Oxpanglon, TIA. 
———~ and heat engities, 697. 
-—- holder, 644, 


pe talus, 679. 


3 


ee Manufacture of, 673. 
ome Producer, fuct, K20. 


(jas purifiers, 682. 

~—- Rewer, 1080. 

(tates for castings, 636. 

owen dock, 444, 454, 460. 

—— flushing, 1073. 

——— stop, 293. 

—— wooden, 460. 

-——— wrought-iron, 461. 

Gauntiett’s pyrometer, 954. 

Gear, Barrett's horse-, 103. 

——— draw-, 1024. 

(iears and drum guards, feeding, 97. 

-——~ Head's, 368. 

—=— Head's reversing, 815, 817. 

—— Hitchcock’s traction, 121. 

wee hore, 103. 

——~ hydraulic reversing, 74:3. 

—— ——— stéering, 744. 

—— Sturgeon’s hammer valve, 699. 

—— winding, 927. 

Gellerat road roller, 970. 

Git neral condition of outcrop, position aud, 765 

German mile unit, 550. 

——- steam hammer, 691. 

Gillott and Copley’s coal cutter, 391. 

Girdera, 231, 296. 

—— bowstring, strains, 254. 

—— cast-iron, flanged, 235. 

-—— dock, 442. 

-—— flange strains, bowstring, 256. 

anume lattice, 252, 246. 

——— moments of cross, 4453. 

--~- open-web, 243, 

. — plate, 242. 

—— strain, 247. 

ee ——— On bars of web of bowstring, 256. 

—— —— plate, 242 

w= stresses, dock, 444. 

—— with one series of triangles, 244, 

— Warren, 244. 

Gironard’s lamp, 669. 

(sjer’s coke ovens, 417. 

Glaister’s stone saw, 1121 

Glasgow bridge, 201. 

-—— tramways, 1132. 

Glosaop'’s hammer, 705. 

Gobijet’s coke ovena, 421, 

Guods waggons, 1020. 

waggon, covered, 1029. 

Godwin'’s charcoal machine, 76 

Goral bridge, 205. 

Gardon‘’s animal charcoal machiar, 71. 

Gower telephone, 553, 

Graham Bell’s telephone, 9*2. 

Giramime'’s distributor, 44s, 

—~—— light-machine, 42. 

(gramme machine, 440, 41. 

experiments, 497. 

(irante, 220. 

Grant's safety cage, White and, 272. 

Granular cast iron, 314. 

Grapnel bucket, 1153. 

Grate, sewer ventilating, 1072. 

(raving dry Ducka, 435. 

Gray‘a Telephone, de. 

Green and Bell's coal washing machine, 361, 

—— sand moulding, dry sand or, 6.52. 

Giregson, Brown and Son's diitting machine, 454. 

Cereig's cultivator, 29. 

—— shoe, Aveling and, 059. 

Cirey tron, 303, 

(irid, hydraulic, 465. 

Grinder, emery, 62, 

m= tool, S63, 

Grinding machine, twist drill, 46.. 

Grip, King’s safety, 273. 

Cirisnes lantern, Cape, 439. 

Gruavenor Bridge, 212. 

Ground augers, 11:9, 

—— gunpowder pile driver in soft, 931. 

Group casting, 1119. 

Gruniug and Dewnay’s refrigerating waggon, 
Tallerman, 1019. 

Guarda, axle, 985, 1023. 

= feeding gears an! drum, 97. 

Guibal's fan, 414. 

Guides for cag: 4, 267. 

Grinding pulley, Stan: k’s, 780. 

Gully catch pit, 1074, 

Gun-castings, 648, 

Qun cotton, 604. 

Gunpowder, 606. 

——— pile driver, Shaw's 929. 

wow ommme In soft ground, 931. 

=~ and steam pile drivers, cumparison, 952. 

Guttapeorcha wires, $34. 
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Hacksevs stopper, steel mould, 1113. 
Hematite iron, 793. 
—— pig iron, Askam, 796. 
—— red, 793. 
Half-lap coupling, solid, 1097. 
Hall’s lathe, 847, 849. 
—— pulsometer, 949. 
Halske’s machine, Siemena’ and, 478. 
Halske relay, Siemens’ and, 553. 
Hammers, 687. 
Hammer, Buitterfield’s atmospheric, 703. 
-—— compound, 690. 
—— Davis and Primrose, 692. 
cme Davy’s power, 700, 705. 
—— Fawcett and Firth’'s, 693. 
—— CGlossop’s, 705. 
—— German steam, 691. 
—— Hasse’s forge, 706. 
——— Longworth s pneumatic, 701. 
—— power, 687. 
—— Schneider's steam, 697. 
—— Sholl’s atmospheric, 700. 
—— and sledge, 131. 
—— Rigley, 691. 
——— Stacy’ revolving, 707. 
—-—- steam, 649. 
—— at Woolwich Arsenal, 694. 
- valve gear, Sturgeon's 699. 
Hancock's tube-boiler, 153. 
Handles, tillers or, 1140. 
Hand-dug, 1140. 
Hand dynamometer, rotary, 509. 
— moulding, 191. 
Hang: re for shafts, 1101. 
Hanger, Smith and Coventry’s, 1104. 
Vollrath’s, 1104. 
Hannah's piston meter, 902. 





' Hardening, case-, 327. 


Hardy’s briquette stoves, 994, 
Harrison boiler, 156. 


| Harrison’a compound Jack, 827. 


Harroaws, 31. 

—— Randall's pulverizing, 34. 
Hasse’s forge hammer, 706 

Hartung’s pyTometer, Stetnle and, 955. 
Harvestors, 34. 


, Harvester, Osborne's binder and, 43. 
_ Ha born’s air-compres-or, 62 
. Hauling engine, hydraulic, 743. 


Haymaker, Jeffrey's, 44. 
Hayward, Tyler, and Co.'s steam pump, 947, 


” Head, boring, 1147, 1152, 


—— gear, 364. 
Headings, size of, 1137. 


' Head's reversing gear, $15, 817. 
"ee BOTf-feeder, 94, 

enn suspended boiler, 16%, 

' Heargon’s stropbomcter, 9. 


Heat, 708. 


* —— air for combustion, 735. 
_ 7a atomic formulas, 735. 


— books on, 737. 


, ——— disengaged, 736. 


—— engines, gas ard, $97, 

— experiments, 709, 

Heats of fusion of substances, 717. 
Heatwiver, stecl, 1109. 


: Heating apparatus, Thamm and Rothmuller's 


1057. 
Heat, Joule’s experiments, 114. 
—— mechanical equivalent of, 709. 
—— a made of motion, TES. 
Heaton’s cupola, 621, 
Heat, phenomenon, 709, 
—- products of combustion, 133. 
——~ for roasting ores, 762, 
Heats, spe ihe, 716, 720. 
Heat tests, colour, 376. 
—— of vaporization, latent, 729, 
Hedge’s lamp, 572. 
Helical pump, Imray'a, 950. 
Henderson's steam retort, 676. 
Hercules, steam, 321. 
Higgs’ electric lamp, 579. 
Handa’ boring machine, $56. 
Hitchcock's traction gear, 121. 
Hocking’s caleiner, (xland’s aml, 811. 
Hocks’ petroleum engine, 602. 


» Hodgett's tuyere, 801, 
Hoists and clevators, lifts, 820. 


mee charg 


Hoiden's retort charger, Best and, 673. 
ing machinvs, 679. 

Holter, double tool, 262. 

—— gar, 684, 

~-—— planing tool-, 861. 


Holder for revolving cutters, 1127. 
—— telescopic, 686. 
Holder’s tool, 860. 
Holes, lamp, 1071. 
for quarter turn belt, 125, 
Hloling, machine, 3&4. 
—— and shearing, 387. 
Holluw moulding, 636. 
Holmes’ magnetw-electric machine, 479. 
Holophotal totally reflecting prisms, 840. 
pum eeueuns beam, transverse vibration 
897. 
iron, 806. 
Hvuok, Brybam’s disconnecting, 274. 
—— Calow’s disconnecting, 273. 
—— Champion belt, 108. 
—— Denton’s disengaging, 274. 
—— disconnecting, 270. 
—— King’s disconnecting, 274. 
—— M4sill’s disconnecting, 275. 
—— Ormerod’s disconnecting, 273. 
— - Ramsey and Fisher’s detaching, 27% 
Hooks and fastenings belt, 103. 
——, safety, 273. 
Hook, spring, 1140. 
Hooks, wad-, 1139. 
Hook, Walker's detaching, 275. 
Hook's, Wilson's belt, 109. 
Hoop iron and steel, tests of, 807. 
Hopkinson’s optical apparatus, £ 
| Horizontal press, 752. 
Horn pan, 919. 
| Hurse dynanometer, 507. 
| ——— gears, 103. 
' ———— gear, Barrett's, 103, 
, =——— hve, Lake's, 46. 
1 a ee OF Fdger, 30, 
' Horse-power, 737. 
— indicated, 737. 
numinal, 737. 
—— retary dynamometsr, 514. 
_ Horse shoe rib, 229, 
' Hot-air engine, Rider's, 599. 
House, engine, 36s. 
| Houston’s lamp, Thomson, 573. 
_ Howard boiler, 157. 
Howard’s moniding machine, 654. 
Hoyt’'s angular belting, 127. 
Hughes’ andiometer, 546. 
— microphone, 585. 
_ ono SOnUMeteT, 5K6. 
—— tel-phone, 556. 
| == type printer, 559. 
' Hunter's stune machine, 1126. 
moulding machine, Cooke an 
; Hunting carriage, 996. 
Hurd and Simpson's coal breaker, 404. 














{ne ome Cutter, 392. 

’ Husband's pneumatic stamp, 907. 
Hydraulics, 742. 

. Hydraulic brakes, 172. 

—— cement, 337. 

——— crane, portable, 749. 

—— grid, 465. 

—— hauling engine, 742. 

———~ lift, 44). 

' —— machines, 747. 

machine, Brown's, 742. 
—— machines at Bute Docks, 747. 
—— TWortar, 331. 

' ame presses, 450, 751. 

, a press, Wilso o’s, 750. 

Wversing gear, 743. 

—— nveting mach re, 869. 

——— stecring geal, T44. 

tools, &86. 

a wedge, Jones’, 404, 
——— Wined, 745, 

Hydrogeology, 757. 











Lu PLEMEN Ts, agricultural, 16. 
- Rooks, 52. 
Iinpuritles, iron, 316. 
Imray's brake dynamometer, 502 
—— helical pump, 950. 
Incandescent lamp, Bouliyuine’s, 577. 
—— ——, Edison's 577. 
Indian gham, 2:0. 
Indiarubber wire, 539. 
—— tire, 960. 
Increasing yield of well, 1136, 
Indicated harse-power, 737. 
Indicators, 5, 767. 
( Indicator cards, length of, 77 
—=— Cooper's shde valve, 73 ? 
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ndicator experiments, 772-4. 

~—— Kenyon’s pistonleas, 781. 

— motion, Cawley’s, 776. 

—— Richards’, 778. 

——= Sweet's, 779, 

we Thomson’s, 777. 

—- pocket revolution, 11. 
idaction compensator, Wilson s, 535. 
ygersoll rock drill, 976. 

wots, weighing steel, 1113. 
struments, draught testing, 505. 
— electrical, 551. 

isutation resistance, 546. 
isulator, 537. 

Hegration, 283, 

itestines, belting of, 129. 
itensifying apparatus, pressure, 753. 
iterior of Pullman car, 1012. 
termitteut filtration, 1086. 
eland's cupola, 621. 

on, 782. 

— abutments, 215. 

— analysis «f bar, 811. 

—- ——— of Marron bar, 810. 

— arches, cast, 227. 

— ——— wronght, 240. 

— Askam hematite pig, 796. 


——— rn — UV RACER Oy a Ue 
— carbon and ellicon in, 3138. 
— cast, 313. 
— Cleveland, 874. 
— columns, Dowson's wrought, 921. 
— column, Wilson's wrought, 921. 
— Columns, wrought, 250. 
— composition cast, 314. 
me ee Of Cleveland, 375, 
mem wee Of rivet, S75. 
——— of Swedish, 875. 
mame Of Yorkshire, 575. 
— curb, 1135. 
— cutters, chilled cast-, 1128. 
— crystalline cast, 314. 
— foundry, 314. 
— fusible, 321. 
— gates. wrought, 461. 

— granular cast, 314. 

— grey, 313. 

— hematite, 793. 

— homogeneous, $06, 

— impurities, 316. 

— makers of pig, 316. 

— manganifernus, 3:7. 

— melting of cast, 315. 

— ore, 752. 

——— epathic, 79%. 

— ores, aluminous, 794. 

— oxide of, 159. 

haa pig, 3l7, 

~ piles, Dixon’s cast-, 921. 

— pipes fur sewers, 1067. 

— pure, A0~, 

— pyrites, 189. 

~ quality of cast, 315. 

~ railings, wrought, 329. 

- Seatch pig, 316, 

~ sheathing, 539. 

~ shafting of cold rolled, 1093. 
~ sleepers, cast, 1133. 

~ sponge, RIK. 

- and stee!, cuncnasive testa of, «71. 
- ——— mechanical testaef, ATs. 
mam tests of bocpa, 87, 

- Slrength of, «7u 

=~ —— of Lancashire, «71. 

- —— of Yorkshire, aay. 

~ Swedish bar, «74. 

- tubbing, 343. 

~ tubes, pneumatic transmission, 9.43 
wee Wrettht, LESI, L144. 

~ white cast-, 313. 

~ wire, 540), 

gation, water, 10*1., 

# excavator, 470. 


BLOCH KOFF'S electrie candle, $76. 


k, Harrison's compannd, «27. 
vbi’s unit, $50. 
a¢8° boiler, 154, 


ae a er) ie is 647. 
» Indian, +. 
r, Collom's, | 
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Jobson'’s moulding machine, 655. 
Johnson's coal cutter, 395. 
Jointing pipes, 1067, 

Joints, permanent, 107, 

—— pipe, 1145. 

Joists, 296. 

—— binding, 297. 

—— ceiling, 298. 

Jones’ hydraulic wedge, 404. 
Jordan boiler, 156. 

Jordan’s pulverizer, 916. 

—— rock drill, 971. 

Joule’s experiments, heat, 714. 


>a 

Katxoromon rock drill, 975. 
Kansas City bridge, 201. 
Kearsley’s mowing muchine, 36. 
Keene's cement, 341. 

* Keeps or keps, 263. 

| Kehl bridge, 207. 

i= drev'ger, 208, 

| Kelly's coupling, Richards, London, and, | 100, 
Kennard’s kind pump, 203. 

| Kibbles, 377. 

: Kins, 334. 

Kiln, brick, 194. 


| mmm tonninge, 737. 


t me Uhr’s 747 


> mee Westrnan’s, 788. 


' Kind-chaudron system, mining, 287. 
’ Kinematic method, Thomson’s, 247. 
, King's carbon, 577. 


——— disconnecting hook, 274. 


} ———— safety cage, 271. 


eed 





grip, 273. 


' Kingawood's washer, 361, 
' Kistna viaduct, 205. 


| Wife boddle, prope tler, 909. 

Kinght’s steam-power digging machine, 2 
| Know’s refrigerator car, 1014, 

Ronn’s electric lanip, 577. 

Krigar’s cupola, 620. 


= 
be 


; Toacass AQUE and Thiers’ lamp, 567. 
Laces, eel skin, 108 
—— and lacing, 10%, 
Lacing, laces and, 168. 
Lacuar's phonic wheel, 550, 
Ladid’s electric machine, 440. 
Ladies, Foundry, 663. 
La Héve lighthouse, Cape, 834, 


| Lake's horse hues, $6, 


' 


Lambeth bridge, 221. 

Lamp, Alteneck-Slemens, 56% 
—— Andre's, 574, 

——~— Archeran’s, 567. 

—— Bwuliguine’s electric, 577, 
Lampe, Brush, 569. 

Latp, Carré's, 569. 

—— balison’s electric, 577. 
Lamps, «lectric, 566. 

Lamp, electric, Rapieff’s, $77. 
— Foucault's, 566. 

wee (rai ffe:'s, 569. 

—— Girountd'’s, 569. 

——~ Hedge 's, 673. 

—— Higgs’, 579. 

—— holes, 1970. 

mee Koon's, 577. 

~—— Lacassagne and Thiera, 567. 
— Le Moit’s, 567, 

—— Laontn'’s, 572. 

—— Raph Ms, 571. 

—— Reynier's, 574. 

a——— Serrin’s, 669. 

———- Staite ard Meiwarda’, 566 
and Perriv'a, 567. 
—— Thomeon and Honston's, 573, 
—— Wallace-Farmer, 673, 
ame Werderinatiu's, $74, 


eR -—n 


mee Wentinghouw’s, 1059. 


ame Wi lehe’s candle, 577. 

Lancashire boilers, 149, 

—— Iron, athe ngth of, wT 1. 

Land line constraction, 640, 
Pe 

~ ee. id 

Place de VRurope Bridge, 219 

wer sae sar ans ve AT bald Beal EFT, tae 


ateral canal, 206, 


Lateral drains, 465. 

Lathes, 817. 

Lathe bed moulding, 642, 

—— double, 851, 

—— fncing-, 461, 

—— Hall's, 847, 849. 

—— Kichards an! Atkinson's, 850. 
—- Screw-cutting and turning, 849. 
Lattice girders, 246, 252. 

Law’a cofferdam, 309. 

Laybourne’s experiments, 162. 
Lead tubes, pneumatic transmixsiun, 933. 
Leakage canala, 291. 

Leathers, packing, 737. 

Leblanc’s fire-alarm, 688, 
Lemielle’s ventilator, 413. 

Le Molt's lamp, 567, 

Rca Sonate eens 

Length, 116. 

—— of indicator cards, 775. 

Level canals, 290. 

Levels, coal mining, 372. 

Liddell's double brick machine, 182. 
Lidgerweod engine, 592. 

Litt, Baldwin's, 826. 

—— Clark's, 439, 

Lifts, direct, 437, 

—— hoists and elevators. $20. 


' Lift, Seotvs, 458, 


—— Acrew, 43H, 
Lights, buoys, and beacons, 430, 


"ee distinctive churacters of, 459. 


m—— fixed, 842. 

Lighthouse, Cupe la Héve, 438, 
—— Corbiere, 430. 

—— platform, Corbiére, 432. 
—-- Seuth Poreland, 936, 
Lighting railway carriages, 1054, 
Laylt, Lizard, 837. 

o—— tha hine, Geramme’s, 482. 
—- Inonlding, 635. 

Lightoing reds, 355, 

Light, Souter Pomt, $43, 

Latte nthal’s cual cutter, 405, 
Lime, 149, 

Ltmes, 350 

Lime, burnt, 330, 

Limes and mortar, coment, concrete, 336, 
Lituestune, analysis Staton, 796. 
Limit of elasticity of ateel, 479. 
Lim ta of safety, 46, 

Lincuine belt fastener, 109, 

Line construction, land, 540, 

—— xhiaft, )ugt. 

—— shatting pulleys for, 1095. 
aa testing, 5467 

a testing for faults, 546, 
Laninga, baste, 1110. 

—— couverderTs, refractory, 1109. 
Lining, cupola, 622 

—— replacing converter, 1110. 
-——--- tule sg, 1110. 

——— wells, timber for, 1137. 
Links, band, 126. 

Livn’s pyrometer, Tremeschins and, 9..6. 


| Liquids expansion, 718. 
— Lithofracteur, 609, 

. Lithomarge, 794. 

' Lives y's washer, 642, 


— 


Living resiatanes, dynatical or, 496. 
Lazard Light, 4.87, 


' Liew ilyn’s wheel for colliery trams, 89. 


Lloyd's fan, 652, 

~ + tuyere, 624, 

Land of cast-iron girder, weight and, 249. 
loam moulding, 634. 

Locomotive, Aveling aud Forter'a farts, 71. 
~~ fsurreti’s farm, O71. 

—— roa, 947. 

London's coupling, Richards ard, 1101. 
Londen amd Kelly's coupling, Richards, 110). 
wm trameay, F191 


 Lamgworzth's pneumatic hammer, 701. 


ee 
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Lantha's tamp, 672. 
Lornent Viatuct, 197. 
Lana of mereury, 900. 
Louis Bridge, Nant, 263. 
Lubricator, “"  ** 2s 


Maci INE, Abell’s threshing 96, 
— Aan a tnoniding, '°? 
wae Aleaand t's cual cutting, 400. 


Machine alllance, 478. 
—— Beilington and Darbyshire's wheel mould- 
ings, 660, 
—— boring, 1148. 
—— Borlase's ore-dressing, 911. 
—— Bregurt’s, 475, 
—— —— magneto-electric, 137, 
— “eile dha 187. 
o—— brick -making, 11. 
-—— Brown's hydraulic, 742. 
a Branton aud Trivr’s stone-dresalng, 1128, 
~-—— Brush dynamo electric, 475, 
—-— Sanders’ and Williams’ moulding, 193. 
Machines at Bute Docks, hydraulic, 747. 
~-—~ and processes euiployed to dress ures, 906 
eme= brick-p: ‘sing, 146. 
~——— Champion’s brick, 192. 
woe Clarke's, 475. 
—— Clayton's brick-mouiding, 193. 
——- Cochrane's Haddad 656. 
—— Cooke and Hunter's stune-muulding, 1124. 
ame Do Meriten's, 456. 
~—- double cylinder brick, 182. 
—— drilling, 403, 
drilling and boring, 854. 
~ Durand and Morris’ brick, 182, 
» dynamo-clectric, 475. 
~ hdisun's, 486, 
- Efficiency, dynamo-electric, 495. 
—— Kureka, 38. 
——= experiments, electric, 490. 
—— —— Grammer, 497, 
—— Ferris and Miles’ drilling, 855. 
—— firing, 136. 
—— for fixing boiler stays, 662, 
—— frictional, 146. 
——— (durrett’s threshing, 97. 
—— (Gootwin's charcoal, 76, 
—— (irae, 480, 481, 
- light, 482. 
—— Gregson, Brown, and Son's drilling, 854. 
——- Hind's boring, 356. 
—— Holdein’s charging, 679. 
-—— holing, 34%, 
—— Holmes’ magnetrclectric, 479. 
a Howard's moulding, 654, 
—— Hunter's atone, 1126. 
—— hydraulic riveting, 589. 
—— Keartsley's mowing, 36, 
—— Jedd's electric, 450, 
wwe Liddell's double brick, 132, 
—— maguetolectric, 475. 
—— Milburn's drying, 1032. 
ae Billing, N59. 
—— Morrison's coal-washing, 361. 
——- moUding, 65.3. 
—— plpe-making, 192. 
—- Wixti's, 475, 
—— Kagrieffs, 480, 
—~~ rolling, 865. 
—— Samuelson’s two-horse mow ing, 37. 
Machinery, animal charcoal, 63. 
~~ barn, 95. 
—— stone working, 1116. 
—— slone-mawing, PITH, 
—— Scott's wheel-moulding, 658, 
——— Seller's alotuing, 81, 
—— semi dry brick, 144. 
——— Siemon’ dynamo-electric, 484. 
, aie, 
trie, U4, 
———— Hlone-sawing, 1137. 
——— Subba’ brick pressing, 145. 
o—— threshing, 95. 
——— tools, #47. 
———- Trouve's, 4n0. 
—-—~ (wine drill grinding, 403. 
—— Wallace-Farmer, 474. 
a aoe aN Steeven's threabing, 96. 
———— Wilde's electric, 479. 
~——— Whittaker's wheel-roulding, 658. 
Mackenzie cupola, 620, 
Mackinder’s wheel, 961. 
Magnet-electro, 180. 
Magnetic pyrites, roasting, 784. 
Magneto-electric machines, 478. 
—— -— inachine, Breguet's, 137. 
aw eee HACLING, Holmes’, 474. 
‘ Machine, Slemens’, 137, 
s pyrometer, 986, 
Main drain, 465, 
Maina, gaa, 679, 
Matt's Pyrometer, 996, 
~ mn HUbaitlary, 465, 
Makers of pig tron, 316, 
Malleable caat tron, 327, 


INDEX. 


Manganiferous iron, 317. 

Manhole, 1069, 1071. 

—— boiler, 151. 

—— flushing chamber, 1473. 

—— mode of entering, 1076. 

—— ventilation, 1075, 

Mann’s sleeping carriage, 1000. 

Manufacture of gas, 672. 

—— of belts material and, 105. 

Manure spreader, 48. 

Marais’ brick machine, Durand and, 182. 

Marron bar iron, analysis, 810. 

—— fron bars, tesia of, $09. 

Marsunit’s coal washer, 367. 

Martin’s buddle, 908. 

Martin-Siemens’ steel, composition of, $75. 

—- —— strength of, 871, 

Masonry piers, 199. 

Massey engine, 592, 

Mat-rial bricks, 186. 

Matcriala for bridges, 233. 

-—— of bridges, 195. 

— combination of different, 896. 
compression, strength of, & .. 


| ——— of construction, strength of, $70. 


- extension, strength of, 634. 
——- for sewers, 1066, 16%. 
- and manufacture, 105. 
—— sliding, strength, 485. 
—— Btrength and resistance, 883. 
——- torsion, strength of, «46, 
— — Victoria Bridge, 241. 
—— Mather and Platt’s boring apparatus, 1116. 
a ———— tubes, 1154. 
Matthiesaen’s unit, 550, 


| Maxwell's planimeter, 287, 
~ Maynard’s alvutmenta, 216. 
» McDonald's pyrometer 955. 


McGill's disconnecting hook, 275, 

McKay's drill, 457, 

MeKeanrock drill, 975. 

McPhereon's coal cut‘er, Galloway and, 396. 
Meat and provision Waggons, 1016, 


' Mechanical equivalent of neat, 709. 


ee wee - ~< 


~ 


—— rabblex, 811. 

—— sowers, 30, 

—— tests of fron and steel, 873. 
——— work, of plough, 20. 
Medina cement, 341. 


| Medway bridge, 220. 


Meiklejotin's coal cutter, Rigg and, 309. 
Meltings of cast tron, 315. 

Melting points, 718. 

-—— Hee, B64, 

Mercury, 499. 

a deposit af, 899, 

—— unit, Siemens’, $5, 

Metals in casting, contraction of, 629, 
——— conductivities of, 725, 726. 
Metalhie antimony, 83. 

castiug iron on metals, 329. 
——— moulds, 631, 

Meters, 01. 

Meter, 902, 

—— Ashton and Storey’s steam-power, 7*0. 
—— Hannah’s piston, 902, 

ae Monre’s current, 903. 

awn = JReid’s, 902, 

——— Water, HO, 

Microphone, Hughes’, 535. 
Micre-tasimeter, 587. 

Midd-n, loss, 





» Mitburn drying machine, 10a2. 
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Miles’ drilling machme, Ferris and, 355. 
Mile anit, American, 530. 

— German, 560. 

Miller's boiler, 160. 

Milling machine, 959. 

Mail, pug, 280, 

Mills, rolling, 815. 

Millstonea, 335. 

Mill, waah, 332. 

Milroy’s excavator, 204, 

Miltiniwr’s railway car aslea, 90. 
Mines, 408. 

Mine drainage, 466, 

Mineral character of formation, 762. 
Mine ventilation, 411. 

Mining books, coal, 426. 

—— =~ Kind-chaudron system, 337 
—— shafts, 372. 

Miscellaneous data for telegraph testing, 548. 
Miver, Docwra‘a, 1135. 

Mixer pit, 123, 

Mode of entering manhole, 10T7 
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Mode of motion, heat a, 713. 
Modelling, brasswork, 666. 
Modulus of elasticity, coefficient ur, 578. 
Moisture in moulds, 323. 
Moments of cross girders, 453. 
Morin’s dynamometer, 287. 
Morrison’s coal washing machine, 361. 
Morse receiver, 658, 
Moulds, chill, 324. 
Mortar, 331, 354. 
—— cement, concrete, limes, and, 330. 
—— hydraulic, 331. 
—— for sewers, 1066. 
Moore’s current meter, 903, 
Motion, Crawley’s indicator, 776. 
—— heat 4 mode of, 713, 
Motth d clays, 763. 
Mould, 1x4. 
Moulds, 181, 328. 
——— chill, 321. 
—— Hackney’s stopper, steel, 1113. 
Moulding, 630. 
—-- bell, 671. 
—— clays, 631, 
| ee hand, 191. 
- machine, Cochrane’s pipe, 656. 
= Cores, 640, 
— dry pani or green sand, 632. 
-—— hollow, 636. 
— lathe bed, 642. 
—— light, 635. 
—— Joam, 634, 
—— machines, 653. 
—— machine, Aiuslie’s, 192. 
—— bricks, 192. 
Morton's slips, 436. 
Motor battery, 521. 
Moulding machine, Beilington and Darbyshit 
Wheel, 660. 
1 mee mee Clayton's, 193, 
Cooke and Hunter's stone, 1124. 
——— ———— Howard's, 654, 
—— — Joheon's, 655. 
(ee ene Sanders and Willams’, 193, 
—— —— Scott's wheel, 654. 
—— —— Whinittaker's wheel, 65s. 
—— pipe, 642, 
_ ~ om plate, 641, 653, 
—— pulley, 641. 
oo sam, 634. 
—— sands, 630. 
—— sheave, 641. 
1 es Shell, G4). 
—— tuols , 633. 
 —— wheel, 655, 
Moulds, metal, 631, 
——— moisture in, 323. 
—— pipe, 643, 
Rtewh, 1323. 
Mould, sugar pan, 647. 
Mound foundation, rubble, 198, 
. Mouthpieces, furnace, 152. 
Mowers 34, 
Mower, Ottis Brothers’, 38. 
Mowing machine, Kearsiey's, 36. 
Mudbule boiler, 151. 
Mowing machine, Samuclson’s two-burse, 3i 
Mnffie, plough, Is. 
Multiple transmission, 536. 
Myers's engine, 592. 








T 

N AIRN'S wheel, 962. 

Savvy, steam, 1107. 

Near ova hight, condensing power, $47. 

New red sandstone, water in, 761. 

— Ross bridge, 215. 

Nominal horse power, 37. 
 Northfieet chimneys, 356. 

Norwegian railway bridge, 261. 


Oak underframe, 1023. 

, Office vans, Post, 1013 

. Oil-gas apparatus, Piutseh’s, 1053. 

‘ (HL lubricator, Blackburn's, 94. 

' Open spray tuyere, 401. 

/—— web girders, 243. 

’ Optical apparatus, Hepkinson’s, $38, 

Vo aluminous iron, 794. 

‘Ore, capper, O14, 

— Oreadrc saing machine, Borlase’s, 911. 

Ores, heat for roasting, 783. 

Ore, iron, 782, 

+ Obes, machines and processes eaployved to 
006. ? 
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Ores, precipitation, 901. 

—— roasting, 901. 

——— spathic iron, 798. 

—— atiphur in, 744. 

Ore, tin, 906. 

Ormerod’s safety hook, 273. 
Ornamental castings, 329. 
Osborne’s binder and harvester, 13, 
Ottis Brothers’ mower, 33. 

Otto gas engine, 600. 

Outcrop, position and general condition of, 765. 
Outridge engine, 593. 

Ovens, annealing, 326. 

——— Coke, 416. 

—— —— Brownery Colliery, 416. 
—— Owen's, coppic coke, 422. 
~——— Katon’s coke, 420. 

—— Gier’s coke, 417. 

—— (Qobiet’s coke, 421. 

— Galloway’s coke, 427. 

—— Seraing coke, 425. 

Owen's safety cage, 270. 

Oxide ofdron, 189. 

Oxland s and Houcking’s caleiner, 911. 


P ACKING leathers, 757. 

-~—— rings, 756. 

Pan, combination ores, 919. 

——- Horn ores, 912. 

-—— mould, sugar, 647. 

—— Patton ores, 919. 

—— Stevenson's ores, 920. 

Paper belting, 129. 

Parian cement, 311. 

Paris pneumatic system, 942. 

Parker's belt, 121. 

Partitwns, 298. 

—— trussed, 299, 

Partridge’s axles and axle boxes, 89. 

Passenger engines, 962. 

Patent coupling, Cressun's, 1100. 

Patterns casting, 622. 

Patton 919, 

Pe . lanterp, 334. 

Penstocks, 1078. 

Perkins’ baller, 154. 

Permanent joints, 1v7. 

Pernot furnace, @11. 

Peronet's centre, 301. 

Petersen, and Pouillet’s pyrunieter, Shinidt 
954. 

Petrie’s lamp, Staite and, 567. 

Petroleum engine, Huck's, 602. 

Phelps’ telephone, 555. 

—— printing telegraph, 56}. 

Phenomenon, heat, 79. 

Philadelpbia, boilers at, 169. 

Phonic wheel, Laccuur's, 580. 

Phosphor bronze tuyere, 400. 

Photometer Jet, 647. 

Pieces, chemical composition uf test, ! 

Picker, 113%, 

Piers, 920. 

Pier, Brooklyn, 210 

——— Cl+ vedon, 923. 

—— floating, 926. 

—— Westward Ho, 920, 923. 


Askani Hamatite, 740. 
makers of, 316. 
Scotch, 316. 


—— dnven, 924, 
—— driver, 927. 
——— drivers, comparison gunpuwder and steam 


————— Shaw’s gunpowder, 929. 
———-—— {0 soft ground, gunpowder, 931. 
—————— seam, 927, 

work ng of varivus, 931. 





—— sheet, 306 

Piling, 385. 

Pillare, coal-mining, 374. 
Pintech’s oll- gas tus, 1058, 


Pipes, agricultural drain, 466, 
Pipe charging, 179. 
ome Gog, 1141, 


— iron for ven, 1067. 


| Pipe 
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winting, 1067. 
wints, 1135. 

—— making machines, 192. 

-—— moulting, 642. 

—— moulding machine, Cochrane's, 


emengmiones 


fore nioulds, 613. 


| 


i 
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—— fur sewers, 166, 
—— ventilation, 1071. 
Pita, foundry, 661. 

—— gul'y catch, 1978. 

- kiln, Schedin’s, 786, 
Pistons dimen:iona, 939 
Pistonless Indicator, Kenyon’s, 731. 
Piston meter, Hannah's, 902. 
Pixii’s electrical machine, 475. 
Plan of a brig, 195. 
Pianimeter, Amsler’s polar, 287 
——- Maxwell's, 287. 

—— Sang’s, 257. 
Planing twol holder, 861 
Plant, boring, 9&3. 


1 ——— dredging, 463. 


Plate battery, Byrne’s compound, 520. 
Plates, bed, 638. 

—= composition of Shropshire boiler, 875. 
—— girders, 242. 

—— girder strains, 242. 

— mou'ding, 641, 653, 

—— Welding steel boiler, 874. 

Platforin, Cortiere Lighthouse, 832 
Platforms, weigtt of roadway and, 224 
Platt's boring apparatus, Mather and, 1218. 
—— tubes, Mather and, 1154. 

Plougha, 16. 

-—— balance, 27. 


, Mough bridle, muffle, cock or clevis, 1%. 


—— cleaner, 15. 
—— drainuge, 19. 
— drill, Tuvth’s, 33. 
——— dynamometer, 505. 
Pioughing, cust of steam-, 971, 
Pough, mechanical work exp nded, 20, 
Ploughs, steam, 22, 
Pivugh, Sutberland, 25, 
———— truck or carriage, 18. 
Pneumatic system, 203, 
—— transmisslon, 932, 
—— hammer, Lougworth's, Zul. 
—— stamp, Hu-teand’s, 907. 
—— system, Paris, 942. 
—— transmission alr, 935. 
— —— formu'a, 936. 
—— —— fron tubes, 33. 
——~ —— lead tubes, 953. 
—— —— Aations, 934. 
—— ——— typical station, 9.47 
~ «ket revotution indicators, 11, 
‘oggendorff battery, 521. 
ainey Viaduct foundations, 2: 0. 
vints and crussings, tramway, 11.51. 
—— of explosives, firing, 6u¥. 
“" thght, Souter, $43. 
@, Inelting, 716. 
Volarized relay, Siemens’, 554. 
ular planimeter, Amsters’, 2*7. 
Popites’ dredyer, 473. 
Portable cupola, 621. 
——— drills, #55. 
—— bydraulic crane, 7(9, 
Porter's cogine, Avcling and, 971, 
farm l.comotive, Aveling and, 971. 
Portland cement, 341. 
——~ ——— qualily, 335. 
Position and general condition of vuterop, 765. 





L mizer, 1134. 


Press cotton, 754. 

———— horizontal, 752. 

I'resses, hydraulic, 450, 751. 

Hreasing machine, 186. 

Press and steam engine, 868. 

Pressure intensifying apparatus, 753, 

Primary rocks, water in, 761. 

Primrose’s hammer, Davis and, 692. 

Prin's, cores and core, 646, 

Printer, Hughes’ type-, 659. 

Printing, telegraph, Phelps’, 561, 

Prisins, azimuthal-condensing, 841. 

—— holuphotal totally reficcting, 810. 

Process, Blatr's, 8138, 

Processes employed to dress ures, machines and, 
906. 

Producer, fue], gas, 420. 

Products of combustion, heat, 735. 

Propeller Knife buddle, 909. 

Proportions of chimneys, 352. 

Protector, Walker's waggon sheet, 1032. 

Provision Waggons, meat snd, 1016. 

Puddling, &06, 


) ——- furnace, Crampton's, #13, 
: Pug-mill, lol, 
, Pulley for belts, Shiner 9, 127. 


Pulleys, cone, 113. 

Pulley for line shafting, LOWS. 
—— moeuhiing, 641, 

—— shifts and, 412. 

—— Stanck's guiding, 7x0. 
Pullman cars, 1004, 

a ee terior of, 1012. 
Pulsometer, Hall's, 947, 
Pulveriser, Dingvy’s, 013. 
——— Jordan’s, 916. 

-—— Ryerson’s, 917, 
Pulveriaing harrow, Randall's, $4. 
Prastaygy, O43. 

universal steam, 945. 
Walker's 945. 

~—- Blak, 943 

—— Hayward, Tyler, and Co,’s steam, 9 
—— lhiray’s helical, #50. 
—— Kennand & «and, 203, 
—— Rennle’s wells, 951. 
—— shell, L14x. 

—— Blvarn, 945. 

Pure fron, sv4, 

Purifiers, gas, 682. 

Pyriles, 420, 437, 

mmm TON, 18. 

a——— Tomsting magnetic, 744, 
Pyrometer, 953. 

a—— Pailey'’s, 995. 


1 oe eee Car-ate! Li's, 95 
Tr. ane oe. 


—— Gauntlett’s, 954, 
—— Maier’s, 955. 
' ame Matis, 956 
—— Me fhtiald’s, 945. 
— Shinidt, Petersen, and Pouiliet’s, 954, 
—— Stelule and Hartung’s, 955. 
——- Tremeschin: and Lion's, ¥"* 
me Wedge wood's, 954, 
--m—m Wilson's, 956. 


(-avrayr electrometer, Thomeun 4, 552. 
' Quadruplex telegrapha, Smith's, 539. 
to mame be legraphy, Sct. 
mere balinanti'n, B36, 
Quality of cast fren, 318, 
-——— Portland cement, 335, 


Ponillet’s pyrometer, Schmidt, Petersen, and,» 


954. 
Power, brake-, 170. 


_ ao Power, distant ta light, condensing, #16. 


4 


—— electric transmission of, 649. 
—— hammer, 647. 


" ee ae Pa ry’s, 700, 705. 
) oom, horse, 737, 
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! 
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——— Indicated horse-, 737. 

— mewr, Ashton and Siorey's steain-, 740. 
—— near ace light, cordenalng, $47. 
-——, hvmMinal horse, 737, 

Powers of eurlaces, radiating, 723. 
—-— touting, 293. 

Precipitation, ore, 901. 

Prerce's method, transaminion, 524. 
Preservation and care of beita, 107. 
Prews-brick, 147. 

Prins, compound, 752. 


f 
t 


} 

] ABNI.ES, mechanical, $1). 

, Hack, atime, 914. 

i Radiating powers of surfaces, 723. 
| Raila, bridge, 407, 

bt ——— Of Chatra, 1130, 

——— Cleaning (ram, 11:44, 

; -—— column, Barlow's, 921. 
i — on concrete fuundation, 111, 
| ——— on continuous bearings, 1131, 
; Railings, wrought-iron, 329. 

i Railway bridges, 223, 

ia braige, Norwegian, 261. 

| comme meme Sitains, 2469. 

{ om Cas axie, Dixon's, 90, 

1 meee comm Bitimort'n, 90. 


Rajlway carriages, lighting, 1058. 
omee Wheels, chilled cast-iron, 325. 
Rainfall, 1062, 
Rake, Rollina’ American, 47, 
Ramsey and Fisher's detaching hook, 277. 
Randall's pulverizing harrow, 34. 
Ransome’sa emery wheels, 864. 
Rapieff electric lamp, 577. 
— lamp, 571, 

achine, 480. 
Ravi bridge, 201. 
Reapers, 34. 
Reaping and binding machine, Wood's, 40. 
Re-burning kiln, 70. 
Receiver, pneumatic, 933. 

Morse, 653. 
Recorder, Thomson Siphon, 653. 
—— train speed, 6. 
Red aluminous ore, 704. 
a—— haematite, 798. 
- sandatune, water in new, 761. 

Reflecting prisms, Holophotal totally, 840. 
Refractory Hnings converters, 1109. 


cena 


Refrigerating waggon, Tallerman, Grunting, and 


Dawnay’s, 1019. 
Refrigerator car, 1007. 
nott’s, 101%, 
Regray’s thind-clags carriage, 991. 
Regulators, 17. 
Reid's meter, 902. 
Reiss telephone, 679. 
Relays, 653. 
Relay, Allen and Brown's, 555. 
ew Alnerican, 654. 
em Siemens’ and Halske’s, $53, 
——— Siemens’ polarized, 54, 
Rennie’s wells and pumps, 951. 
Repeater, Vianisi's automatic, 631, 
Replacing converter lining, 1110. 
Kesintance, dynamical or living, »96 
—— and elongation, #80. 
—-- tnsulation, 546. 
—— of materials, 483. 
Retorts, 674. 
———~ 1 .wer's, 673. 
—-~ charger, Hest and Holden's, 674. 
—— ——— West's, 677. 
—— coolers, aml accessories, 74, 
~-—— Penton's, 80. 
——— Henderson's steam, 676. 
—— revolving, 78. 
Reverboratory furnace, 626, 
Reversing gear, Diva's, 915, 417. 
hydraulic, 743. 
Revolution counters, 4. 
Revolving cutters, holder for, 1127. 
~——— hammer, Stacy's, 717. 
——- Reynier's lamp, 674. 
Rhone fuundatiens, 193. 
Rub, horee-ahoe, 229. 
——- Beiml-ellipuc, 223. 
Riba, strains on arched, 227, 
Richards and Atklosun’s bracket, 1102. 
wae ee fathe, 150, 
——- coupling, 1101, 
amen indicator, 774. 
mee aid London's coupling, 1101. 
Riders’ hot-halr engine, 599. 
Ridger or horse hoe, 30. 
Righy hammer, 691. 
Rigg and Medidejotin’s coal cutter, 299, 
Riviere’s coal washer, 385. 
Ritner, Well, Liat. 
Kings, trumnion, LULL. 
—— packing, 156. 
Riveting machine, hydraulic, 869. 
Kivet iron, compocition of, 875. 
——~ steel, composition of, 478. 
Roads, concrete, 339. 
Koad locomotive, 957. 
—~— rutler, Gollerat, 970. 
mone mee Aveling’s, 969. 
wey and = platforms, weight = of, 


Roadway bridge, 220, 
——~ Trent bridge, 237. 
Ruasting ores, €30, 
~~~ Wagnetle pyrites, 784, 
~——e OFt, 01, 
“i, beat for, 783. 
Kock-blaating, 14, 
~——— Compact, blasting, 142, 
none an ere blasting, 145 
~—— drill, 130, 973. 
——~ ——— Barlow's 972. 
@-— —— Burleigh, 974, 
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Rock drill, Darlington, 976. 
ae a Dubole Francois, 975. 
—— —— Ingersol, 976. 
omer Jordan, 971. 
~——— —— Kainotomon, 975. 
—— —— McKean, 975. 
—— —— Sach, 976. 
— —— Schram, 977, 
ome mee Weaver's, 971, 
Rocks, stratified, blasting, 144. 
—— water in primary, 761. 
Rods, boring, 1149. 
—— Nghtning, 355. 
—— top, 1140. 

_ Rolled iron, shafting of cold, 1093, 

‘ Roller, Aveling’s road, 969. 
—— chilled, 322. 

— Gellerat’s road, 970. 

} —mee Steain, 969. 

| Rollins’ American rake, 47, 
Rolling machines, 865. 

| ee tills, 815. 

| mee tock, 944. 

/——— —— American, 103. 

| Roots’ blower, 615. 

| mm boiler, 158. 

Root cutters, 102. 

| Ropes, 409. 

-~— broken, 270. 

Rotary dynamometer, 512, 

—~ —— horse power, 11. 

; —— engines, trials of, 593, 594. 
—— baud dynamometer, 609. 

' Round belts, 126. 

' Rubber belta, 12s. 

Rubble, mound fuundation, 198. 

Rule, the slide, 12. 

Kunning of belts, 110. 

' Kupture imminent by flexure, 692. 

Kyerson's pulveriser, 917. 


A 
S ACH’S rock drill, 976. 
. Safety cages, 269. 
‘ ——— cage, Broadbent's, 271. 
—— —— Callow «, 271. 
ee eee Penton and Whittaker’s, 272. 
—- —— King’s, 271. 
a oe (Owen's, 270. 
—— ——— White and Grant's, 272. 
—— ——~ Vhitelaw's, 272. 
—— fuse, 133. 
_—— grip, King’s, 273. 
wks, 273, 
-——— Hinits of, +6. 
Saint Louls Bridge, 263. 
Saloon and sleeping car jage, 995, 1003. 
[— ——— cumpusite, 1009. 
Salt in bricks, 189. 
Samuelson's mowing machine, 37. 
Sanders aod Williams’ moulding machine, 
193. 
Sand moulding, 634. 
-—e ee ry sed or green, 632, 
Sande for moulding, 630. 
Sand-pump, Kennard's, 202. 
_ Sandstone, water in new red, 761, 
Sung’s, planimeter, 287. 
Sanitary engineering, 1061. 
aa eee DOVES OD, 1090. 
Saw, Conradi’s stone, 1119. 
+ memee Gluister’s Rianne, 1121. 
Sawing machinery, stone, L117, 1118, 
Sawyer-Man burner, 677, 
Schidin’s pit kiln, 736, 
Schiele’s fan, 611, 
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; Schinidt, Pitenien, and Pouillet pyrometer, 


nS 
Schncider’s steam hammer, 697. 
| Schram air compressor, 05, 
ama gadding car, 980. 
—— fuck drill, 977. 
——— stone cutter, 1129. 
Scutch ya iron, 316, 
Scott's Hf, 438 
——= wheel moulding machine, 658. 
Scrap iron, 315. 
Scratcher, 1139. 
Screw-cntting and turning lathe, 449. 
lift, 438, 
- pan, 204. 
~ plea, 199. 
Sea light, condensing power, distant, 846, 
—— ——- near, 87. 
Seasoning timber, 627. 


Re A NE et Ni le 


1165 


Second class carriage, 97. 
Sectional floating dock, 455. 
Self-feeder, Head’s, 94. 
Self-sustaining crane, automatic, 822. 
S-ller’s double cone coupling, 1099. 
-——— slotting machine, 853. 
Semi-dry brick machines, 185. 
Semf-elliptic rib, 228. 
Seraing coke ovens, 425, 
Serrin’s lamp, 569. 
Severn bridges, 230. 
Sewers, 1062. 
—— area of, 1064, 
—— brick, 1066, 1071. 

~ concrete fur, 1068. 

- discharge of, 1063. 

— —— of egg-shaped, 1065. 

—— egg-shaped, 1064. 

~——— fall for cylindrical, 1066. 

— flushing, 1077. 

—— formula for, 1066. 

-——— gas, 1080. 

-—— iron pipes for, 1067, 

—— materials for, 1066, 1068. 

—— mortar for, 1066. 

—— pipes for, 1066. 

—— ventilating grate, 1072. 

—— ventilation of, 1079. 

Shafts, 311. 

—— chimney, 319. 

—— coal mining, 381. 

—— couplings, 1096, 1097. 

—— —~ Chariton’s, 1100. 

——— fitting, 1091. 

—— flexible, 1107. 

——- furnace, 353. 

, —— hangers for, 1101. 

, —— line, 1091. 

—— mining, 372. 

/ —— and pulleys, 111. 

—— and shaft fittings, 10191. 

—— timnbering, 312. 

| —— walling, 379. 

—— mining, 369. 

1 ame Weights of, 1092. 

Shafting of cold rolled iron, 1093. 
—— pulleys for line, 1095. 

' Shaping, machine, brick, 137. 

_ Shaw's gunpowder pile-driver, 929. 

Shearing, beling and, 397, 

Sheathing, iron, 539. 

Sheave moulding, 641. 

Sheer frame, boring, 1143, 

Sheet piles, 306. 

—— protector, waggon, 1032, 

' Shell moulding, 641. 

—— pump, 1145. 

, Shepperd’s coal washing machine, 361. 
Shinn’s pulley fur belts, 127, 

Ship, weight of, 450. 

: Sboll’s atmospheric hammer, 700. 
Shoe, Aveling and wreig's, 959. 
— Thomson's, 959. 

' Shoting, 363, 

/ ——- and strutting, 310. 

Shropshire buller plate, composition of, 875. 
Siemens’ dynamo-electric machine, 434, 
—— and Haleke’s machine, 478. 

| -——— and Halske Relay, 533. 

,——— Limp, Alteneck, 565 

— magneto-electric machine, 137. 
‘ ———- Mercury unit, 550. 
———~ polurized relay, 554. 
' Signal, fog, 836. 
Silica, 159. 

. Silioun in fron, 312. 

; Simpeon's coal-breaker, Head and, 404. 

; me Conl-cutter, Head and, 392, 

Simultaneous transmission, 522. 

. —— Edison's, 529. 

| ta ne non Stoarn’s, 622. 

' Singie-decked wrought-iron cage, 267. 

, ———- and double belts, 119, 

) Sinking, 377, $84, 386. 

j —— blasting in well-, 1136, 

; —— and boring, well, 1134. 

| me by underpinning, well-, 1134. 

| Siphon recorder, Thomson, 563. 
Six-cylinder engine, West's, 596. 

, Sise of boiler, 162. 

| ome boilers, 149. 

- headings, 1137. 

Skew in embankment ,214, 
| Slag from Askam furnace, 

| ———= basic, 1109. 

' ae bricks, 127, 
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Wire, indiarubber, 539. 
—— iron, 840. 

——— teste, 544. 

Wooden drum curb, 1135. 


me 4 


60. 
Wood’s reaping aud binding machine, 40. 


Woodward's cupola, 621. 

Woolf boiler, 153. 

‘Woolwich Arsenal hammer, 694. 
Work, bronze, 670. 

Working machinery, stone, 1116. 


INDEX. 


Working of various pile drivera, 931. 
Work, mechanical, of plough, 20. 
Worm auger, 1139. 

Writing telegraph, Cowper’s, 565. 


Wrought and cast-iron column, Wilson‘s, 921. 
- gates, 461. 
-—— railings, 329. 
. a. tubes, 1141, 1144. 


Wrightson's blast furnace waggon drop, 804. 
Wrought- and cast-iron window frames, 329. 
—— iron arches, 240. Y 
bridges, 240 | IELD of well, increasing, 1136. 
~ cages, 267 York cast-iron arch bridge, 234. 


| Yorkshire iron, composition of, 875. 
| me oem Strength of, 871, 
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